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ROBERT DRUMMOND, ELECTROTYPER AND PRINTER, NEW YORK, 


PREFACE. 


THE Morphology of Invertebrate Animals may be treated 
either from the standpoint of Comparative Anatomy or from 
the zodlogical side, and either method of treatment has much 
to recommend it. In my experience, however, the zodlogical 
method has proved most satisfactory for the presentation of 
the subject to students, Inasmuch as it is necessarily the 
method employed in the laboratory, and accordingly in the 
present work that plan of presenting the facts of morphology 
has been followed. A bare statement of the structural 
peculiarities of the various groups, however, is simply collect- 
ing the bricks and stones without the mortar necessary to 
unite them together into a substantial edifice, and where the 
opportunity has presented itself attention has been directed 
to the comparative significance of various organs and to the 
affinities of the various groups. 

A word is perhaps necessary in regard to the classification 
adopted, which presents many radical changes from the schemes 
usually employed. For the larger groups, following the ex- 
ample of Claus, the term type has been employed, and no less 
than twelve of these types are adopted. This increased num- | 
ber has resulted from a division of two groups usually recog- 
nized, namely, the Vermes and the Arthropoda. As regards the 
former it has long been acknowledged to be a heterogeneous 
collection, and its retention is to be regarded as a survival. 
It is true that the forms assigned to it do present certain 
phylogenetic affinities; but if this is to be the reason for its 
retention, then the Mollusca and Prosopygia (Molluscoidea) 
should also be assigned to it. It has seemed more satisfac- 
tory to retain the Mollusca and Prosopygia as distinct groups, 
and to divide the Vermes into several types, such as the 
Platyhelminthes, Nemathelminthes, and Annelida, each of the 
same rank as the Mollusca, and presenting approximately 


similar degrees of affinity among themselves. 
iii 
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As to the Arthropoda, its right to exist as a group coordi- 
nate with, for instance, the Mollusca has been questioned by 
several authors. Undoubtedly in this case also many similar 
structural features obtain among the various members of the 
group, but embryology has indicated a probability of a more 
or less independent origin of two Arthropodan groups usually 
regarded as closely related, namely, the Arachnida and the 
Tracheata proper. Apparently the former have originated 
. from Crustacean ancestors, while, if the supposed significance 
| of Peripatus be accepted, the Tracheates are to be traced back 
_ to Annelidan forebears, and for the purpose of calling the 
attention of the student to this probable phylogeny the 
Crustacea, Arachnida and Tracheata have been regarded as 
distinct types coordinate with the Annelida and Mollusca. 

A book of this kind must necessarily be highly tinged with 
the individual opinions of the writer, and for these indulgence 
must be craved. So far as the facts are concerned every 
care has been taken that they should be accurate and as 
far as possible up to date with the most recent investigations. 
Errors have no doubt crept in, a misfortune almost inevitable 
for the mass of material which must pass under consideration 
during the progress of the work, and for these again indul- 
gence must be asked. 

Refraining from further apologies, the more pleasant duty 
remains of thanking the many friends who have so kindly 
aided the work by suggestion or otherwise, and especially 
those who have permitted the use of figures taken from 
special papers. A large number of the figures employed 
are original and the great majority have been especially 
drawn for this work, the attempt being made to diagramma- 
tize them to a greater or less extent for the sake of clearness. 
In all cases where figures have been borrowed the original 
authorship has been duly acknowledged. 

Finally, I desire to make public recognition of my indebt- 
edness to my wife for the invaluable assistance she has ren- 
dered in many ways during the progress of the work. 

J. Puayrarr McoMurricu. 


UNIVERSITY oF MICHIGAN, 
September, 1894. 
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INVERTEBRATE MORPHOLOGY. 


CHAPTER I. 
PROTOPLASM AND THE CELL. 


In the examination of organisms presenting the series of 
phenomena which we term life, the invariable presence of a 
peculiar semi-fluid transparent or hyaline substance becomes 
quickly apparent. Whether the organism be a plant or an 
animal, whether it be of the simplest or of the most complex 
organization, it is still composed of this substance, which is 
known as protoplasm, and it may be said that so far as our 
knowledge extends life never exists except in association with 
this material. Protoplasm is “the physical basis of Life,” 
and it becomes of great importance that its nature should be 
fully understood, in order that the results of its activities, 
Life, may become more intelligible. 

Much has yet to be accomplished, however, before an accu- 
rate knowledge of the structural and chemical characters of 
this substance is obtained, and indeed it is incorrect to regard 
it as a substance, since it is rather the aggregate of a large 
number of exceedingly complex chemical compounds, none 
of which are sufficiently known. From the very nature of 
things it is impossible at present to get acorrect idea of these 
substances and the relations which they bear to one another, 
since our present analytical methods are not capable of deter- 
mining and isolating them in living protoplasm and the mere 
act of subjecting protoplasm to analysis destroys those very 
relationships which are the cause of the vital manifestations, 


2 INVERTEBRATE MORPHOLOGY. 


Dead protoplasm is something very different from living pro- 
toplasm, and our present knowledge only imperfectly extends 
to this much-altered material. 

Furthermore even in the dead material the chemist has to 
deal not only with the complex’ substances which constitute 
protoplasm proper, but also with numerous secondary prod- 
ucts either in the process of being built up into protoplasmic 
molecules or else resulting from the destruction of these 
molecules. For both these processes are continually going 
on, the living organism continually uniting simple chemical 
compounds to form new complex molecules, a process known 
as anabolism, and resulting in growth ; and just as continually 
it is resolving into simpler compounds the complex mole- 
cules already formed, a process known as catabolism, and 
resulting in the manifestation of energy in its various forms, 
such as heat, motion, electricity, and even light. Growth and 
the manifestation of energy are then two most important 
phenomena exhibited by living organisms, standing in oppo- 
sition to one another and determining the general condition 
of the organism. If anabolic changes are the more active, 
then the animal or plant grows, as we express it, adds new 
protoplasm and increases in size ; if the anabolic and catabolic 
changes are practically equal in amount, stability results ; 
while the preponderance of catabolism leads to a lessening 
of material, and finally to what we term death. These 
changes constitute a cycle occurring in the life-history of 
probably every organism and causing the periods which we 
denote as youth, maturity, and old age. 

Dead protoplasm then, together with the anabolic and 
catabolic constituents which are inextricably associated with 
it, will be found on analysis to consist to a large extent of the 
chemical elements Carbon, Hydrogen, Oxygen, and Nitrogen, 
together with Sulphur and Phosphorus, as well as a number 
of substances present in varying amounts, such as Chlorine, 
Potassium, Sodium, Iron, Calcium, and Magnesium. Exactly 
how these various elements are united together it is difficult 
to determine, but especial importance has been assigned to 
the C,H, O, N, and S compounds which occur and which form 
a group of chemical compounds known as Proteids. Of such 
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compounds several, such as Albumin, Globulin, Fibrin, Plastin, 
Nuclein, have been isolated from protoplasm, some being 
probably secondary products resulting from the alteration of 
the protoplasmic molecules proper, but others, such as 
Plastin and Nuclein, are especially constant, and seem to be 
important constituents of the protoplasmic complex. 

Plastin forms when isolated a sticky fibrous mass, insoluble in concen- 
trated alkaline solutions and unaffected by the peptic and tryptic ferments, 
and consists of C, H, O, N, 8, and P. Nuclein is more especially charac- 
teristic of a special portion or modification of protoplasm termed the 
nucleus, of which more will be said hereafter, and resembles plastin very 
closely, being, however, less insoluble than it, and consists of the same _ 
chemical elements. Analyses of these substances, however, differ greatly, | 
the nuclein from spermatozoa, for instance, containing no sulphur ; and it 
seems probable not only that they differ materially according to the source 
from which they are obtained, but also that they are not realy chemical 
compounds, but a mixture of several highly complex substances. 


With these proteids, then, there exist in protoplasm vari- 
ous salts, such as Potassium, Sodium, and Calcium phosphate, 
Potassium and Sodium chloride, Magnesium sulphate, and 
other such salts, the exact significance of which it is difficult 
to estimate. How living protoplasm differs chemically from 
dead has not up to the present been accurately determined. 

As regards its general structure protoplasm appears as a 
moderately consistent jelly-like substance, usually colorless 
and more or less granular in appearance. As a rule the’ 
peripheral portion of a mass of protoplasm is less granular 
than the central, appearing therefore clearer, and is espe- 
cially distinguished as the ectoplasm from the more opaque’ 
endoplasm. Imbedded in the endoplasm are to be found 
usually various bodies, the products of the activities of the 
protoplasm, such as large, clear spaces occupied by fluid 
and known as vacuoles, food-particles of various kinds in the 
simpler organisms, starch granules and crystals in plant-pro- 
toplasm, and depositions of pigment. One particular struc- 
ture, the nucleus, however, seems to be invariably present, 
occupying the central portion of the mass, and, as will be 
seen later, playing a very important role in the life of the 
protoplasm. It is indeed a specially modified portion of the 
protoplasm and cannot, therefore, be placed in the same 


4 INVERTEBRATH MORPHOLOGY. 


category as the vacuoles and other accidental or secondary 
constituents which have been mentioned, and every mass of 
protoplasm may be considered as consisting of two essential 
parts, the protoplasm proper or cytoplasm and the special 
modification of it, the nucleus, which for convenience is 
termed the caryoplasm. Such a combination of cytoplasm 
and caryoplasm forms what is technically known as a cell, and 
all living organisms are composed of one or more such struc- 
tures, which are to be regarded therefore as morphological 
units. 

If the more intimate structure of the cytoplasm of such a 
unit or cell (Fig. 1) be examined, disregarding the various 


Fie. 1.—DIAGRAM SHOWING THE STRUCTURE OF AN ANIMAL CELL. 
c = centrosome. m = microsome. 
el = cytolymph. nt = nucleolus. 
cr = chromatin, nm = nuclear membrane. 


r = reticulum. 


secondary constituents it may enclose, it will be found to 
consist of a network of exceedingly fine fibrils, along which, 
and more especially at the points where two or more of them 
meet, are to be found minute granules which stain deeply with 
the ordinary microscopical staining reagents. The fibrils 
constitute the reticulum (Fig. 1, 7) of the cytoplasm, and the 
granules are termed the microsomes (m). The reticulum 
seems to be formed principally of’the proteid substance 
already mentioned as plastin, and its meshes are occupied by 
a more fluid substance which has been termed the cyto- 


lymph (cl). 
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Several opinions have been given in regard to the structure of the cyto- 
plasm, in addition to that here presented, according to which it may be — 
compared to a sponge the meshes of whose network are occupied by the | 
cytolymph. According to another view it is composed of a number of 
fibrils of varying lengths imbedded in a matrix, the fibrils corresponding to 
the reticulum of the reticular theory and the matrix to the cytolymph. 
According to still another theory which rests on the appearance produced 
in the cytoplasm by a special method of treatment, there is present a color- 
less matrix in which are imbedded numerous exceedingly small granules 
sometimes scattered and sometimes united together into chains. Indeed 
the upholder of this granular theory has carried his view to the extent of 
regarding the granules as structural units of which the cell is composed, 
its structure being comparable to that of a zooglea of micrococci. It 
seems probable, however, that the granules are to a large extent secondary 
products of the activities of the cytoplasm and have therefore but a sub- 
ordinate value in its composition. The reticular theory seems to stand 
more nearly in harmony with the majority of observations, though it 
must be admitted that some observers do not seem to have perceived the 
true reticulum, confining their attention to the coarser network produced 
in some cases by extensive vacuolization of the cell. 

An imitation of the cytoplasm has been recently obtained by the mix- 
ture of thickened oliye-oil with a solution of potassium carbonate or of [2/00 
chloride of sodium, the watery solution taking the form of polyhedral 
globules each surrounded by a thin layer of oil which from its higher 
refractive index gives the appearance of the plastin reticulum surrounding 
the cytolymph. Solid particles finely divided and mixed with the oil tend 
to collect at the points where the oil-films of three of the globules come 
together, and resemble the microsomes, while it is further noticeable that 
under certain conditions the superficial globules of the emulsion take on a 
columnar form and may be compared with the ectoplasm of the cell. It 
is possible that the cytoplasm may have this structure, in which case the 
reticular theory would require to be modified, since there would no longer 
be a spongy structure, but rather an emulsion in which the cytolymph is 
divided into a number of globules each surrounded by a thin layer of 
plastin. At present, however, the reticular theory seems to correspond 
most accurately with the actual appearances, and therefore may be pro- 
visionally accepted. 


The caryoplasm or nucleus, as already stated, lies usually 
about the middle of the cytoplasm and to a certain extent re- 
sembles it, though it presents certain peculiar features. It 
is usually round or oval, though occasionally it may assume 
elongated, horseshoe-shaped, moniliform, or even branching 
forms, and is as arule clearly marked off from the cytoplasm by 
a membrane (Fig. 1, mm), which, however, at certain periods of 
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nuclear activity seems to disappear, a new one subsequently 
forming. Traversing the space enclosed by the membrane, 
so as to form a network, are fibres which do not stain very 
deeply with the usual staining fluids and which are composed 
of a substance termed linin, which does not, however, appear 
to differ essentially from the plastin of the cytoplasm. In- 
deed it is not improbable that the linin network is con- 


tinuous through the nuclear membrane with the plastin 
reticulum and that both are identical, as is also the caryo- 


_u 
a 


you? 


lymph contained in the meshes of the linin with the cyto- 
lymph. 

A more characteristic substance is the chromatin (Fig. 
1, cr), so called from the strong affinities it shows for many 
staining fluids, such as carmine, hematoxylin solutions, and 
certain aniline stains. It seems to consist of the substance 
nuclein, already alluded to, and in the resting nucleus forms 
a reticulum intimately associated with the linin network, 
which it usually to a considerable extent obscures. Where 
the various strands of the network meet, thickenings of the 
chromatin sometimes occur, producing densely staining 
bodies (nl) to which the term nucleoli is given, though it is 
probable that bodies of a somewhat different composition 
are also included under this name; for there are usually to 
be found in the nucleus, imbedded in the substance of the 
network, one or more spherical bodies whose chemical re- 
actions differ noticeably from those of the chromatin nucleoli, 
the substance of which they are composed being termed 
paranuclein or pyrenin. 

There are then in the cell the following structural con- 
stituents : 


membrane (cell-wall), 
I. Cytoplasm: < reticulum (plastin), 
Pes ‘earyolymph. feu ve 


membrane, Micck.. . 
reticulum (linin), 
II. Caryoplasm :< caryolymph, (Catrcdem oti’ 
chromatin network (nuclein), 
( nucleoli (nuclein and paranuclein). 
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In addition to these there is, however, still another body to 
be mentioned which is especially evident in cells which are 
undergoing multiplication, but which has also been found in 
various resting cells, especially in lymph-corpuscles, various 
kinds of endothelial cells, and in pigment-cells. This is the 
structure known as the centrosome (Fig. 1, c). It is usually 
an exceedingly small spherical body which does not readily 
stain with the reagents which place the chromatin in evi- 
deuce, but has a strong affinity for certain acid aniline stains, 


such as safranin, fuchsin, or orange. Usually but a single © 
centrosome is present in each cell, though occasionally two or | 


even more may occur, and it is situated in the cytoplasm in 
the neighborhood of the nucleus, sometimes resting in a 
slight concavity on the surface of that structure. Surround- 
ing the centrosome there is frequently to be seen, more 
especially in dividing cells, a radial arrangement of the cyto- 
plasmic reticulum, the centrosome being comparable to a 
. star from which rays pass out in all directions, whence the 
term aster which is applied to the combination of the cen- 
trosome and the cytoplasmic rays. 

The significance of the centrosome will be seen later when the phe- 


nomena, of cell-division are under consideration, but its origin may be 
inquired into at this place. Two views are current in regard to this 


matter, according to one of which the centrosome has its origin in the © 


nucleus and at a certain period of the cell’s existence is extruded from it. 
In favor of this view the intimate association of the centrosome and the 
nucleus are pointed out, an association which becomes especially pro- 
nounced during cell-division, the astral rays connected with the cen- 
trosome appearing to penetrate the nucleus and in fact to bring about its 


division into two parts. According to the other theory, however, the cen-: 


trosome is a constituent of the cytoplasm and in its origin has nothing to 
do with the nucleus. Quite recently an interesting amplification of this 


ess 


idea has been suggested to the effect that the centrosome is nothing more , 


or less than an aggregation of cytoplasmic microsomes. The astral rays 
are cytoplasmic fibres converging from all sides, and since microsomes 
occur along their course an aggregation of these bodies might be found 
where the fibres meet. This idea cannot be discussed in detail here, but 
it may be pointed out that the absence of a centrosome in cells which have 
lost their powers of reproduction is readily explicable on this idea, the ag- 
gregated microsomes having scattered in such cells, and furthermore 
that the theory explains certain peculiar arrangements replacing the 
typical aster during the division of some cells. 
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Such a combination of cytoplasm and caryoplasm consti- 
tutes a morphological element capable of carrying on all the 
functions of life. It is not only a morphological but also a 
physiological element. It is capable of assimilating the 
necessary substances and building up protoplasm ; metabol- 
ism and the consequent evolution of energy goes on in it; it 
excretes waste products ; it is contractile and may therefore 
be capable of motion; it responds to stimuli of various kinds, 
or in other words it is irritable; and, finally, it is capable 
of reproduction. The question naturally arises, however, 
whether this combination of the two substances mentioned 
is essential—whether, that is to say, organisms without nuclei 
do not exist and manifest all the phenomena of life. At 
one time the existence of unicellular organisms destitute of 


a nucleus was recognized, the term cytode being applied to 
them to distinguish them from nucleated cells. Within re- 


cent years, however, a growing skepticism has come into 
existence ‘as to the non-nucleate character of these organ- 
isms, the recent improvements of the microscope and the 
application of modern staining reagents having revealed the 
existence of nuclei in many of the forms at one time regarded 
as typical cytodes. It would perhaps be going too far to 
state that cytodes do not exist, but the evidence at hand indi- 
cates that their existence is highly problematical. 

This conclusion is strengthened by the results which have 
been obtained from the observations of artificially produced 
cytodes. Some of the larger unicellular organisms have 
been cut into fragments some of which can be definitely 


shown to be destitute of nuclear or caryoplasmatic substance. 
In such cases it is found that the nucleated fragments if 


placed under proper conditions will regenerate and carry on 
their existence as before, while the cytode fragments, though 
manifesting signs of life for a considerable length of time, 
will not regenerate and do not possess the power of repro- 


_ duction. The nucleus seems to possess a marked regulating 


- or coérdinating action upon the cytoplasm, codrdinating the 


anabolic and catabolic activities upon which the continuance 


of life depends. 
It would be beyond the scope of the present work to enter 
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into a discussion of the various forms of physiological activity 
of the cell, but one of its physiological functions, reproduc- 
tion, must receive special attention in connection with the 
remarkable structural changes which accompany it. Since 
the disproval of the doctrine of spontaneous generation the 
epigrammatic statement Omnis cellula e celluld las been the 
watchword of modern histology and embryology, and to-day 
it finds its complement in a corresponding epigram, Omnis | 
nucleus e nucleo. Every cell at present in existence may be 
assumed to have descended from some previously existing | 
cell, and the nucleus it contains to be a portion of the nucleus 
of the ancestral cell. New cells arise by the division of 
previously existing cells, and each division of the cytoplasm 
is accompanied by a division of the nucleus. Not but that 
under certain conditions a division of the nucleus may 
occur without a corresponding division of the cytoplasm, 
multinucleated cells thus arising, and conversely a division 
of the cytoplasm may possibly in certain cases be inaugu- 
rated without entailing a division of the caryoplasm; but, as 
might be expected from the relation which exists between 
the nucleus and the cytoplasm, the division of the latter 
is usually preceded by a division of the caryoplasm. 

This latter process may take place in two ways. It may. 
begin as a simple constriction of the nucleus which, becoming 
deeper and deeper, finally separates off a portion of it, a divis- 
ion of the cytoplasm in a similar manner then occurring, so 
that each of the new cells thus formed contains a portion of 
the original nucleus. This method of nuclear division, which .. 
is rather rare, occurs for instance in the embryonic mem- 
branes of the Scorpion and is termed direct or amitotic divis- 
ion, to distinguish it from the more usual indirect or mitotic 
method which is accompanied by a series of complicated 
phenomena to which the general term hkaryokinesis or mitosis 
is applied. 

Starting with a typical cell, consisting of the various parts 
mentioned above, the karyokinetic phenomena may be re- 
garded as affecting two constituents, i.e. the centrosome and’ 
the nuclear chromatin. The centrosome which lies at one 
pole of the nucleus first divides, the two resulting portions 
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gradually separating from one another (Fig. 2, A) until they 
lie at opposite poles of the nucleus, usually taking up a posi- 
tion ninety degrees distant from the point at which the origi- 
nal centrosome lay. During this process the radiating fila- 
ments which surround the centrosome become especially 
distinct and may be divided into two portions, those which 
‘come in contact with the nucleus and which from their 
appearance in later stages are termed the spindle,ibres, and 


Fie. 2.—D1aGRAM SHOWING THE PHENOMENA OF CELL-DIVISION. 


A, separation of the centrosomes ; chromatin in skein-stage. 

B, fully formed spindle ; chromatin loops formed. 

@, longitudinal division of the chromatin loops. 

D, separation of chromatin loops and commencement of the division of the 
cytoplasm. 


those which radiate outwards and are lost in the cytoplasmic 
network and form the aster. In the meantime, however, im- 
portant changes have been taking place within the nucleus, 
“The chromatin substance, which originally was scattered in 
a reticulum, begins to arrange itself in a band (Fig. 2, 4) 
which with many turns traverses the nuclear substance, the 
nucleoli which were present at the same time gradually van- 
ishing. This stage of the process is termed the skein stage, 
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The spindle-fibres of the centrosome then appear to penetrate 
through the nuclear membrane, which sooner or later disap- 


pears, and by their growth push the chromatin skein towards | 


the equator of the nucleus, the skein at the same time break- 
ing into a number of fragments, termed chromosomes. The 


number of these chromosomes is practically constant for the | 


cells of any species of animal, and though there is consider- 
able variation in different species, yet in the majority of ob- 
served cases the number belongs either to the series 2, 4, 8, 
16, 32, or to that of 6, 12, 24. They vary considerably in size 
in different forms, being in some cases V-shaped or in others 
dumbbell-shaped, and arrange themselves finally in a more or 
less definite ring surrounding the equator of the nucleus. At 
this stage, which is known as the equatorial-plate stage, the 
appearance presented in Figure 2, B,is found. At each pole 
of the nucleus is a centrosome surrounded by the astral rays 
and with the spindle-fibres extending towards and coming 


in contact with the chromosomes lying at the equator of the | 


nucleus, and to the entire complex the term amphiaster is 
sometimes applied. 

In the next stage the V-shaped chromosomes, to take this 
as a typical shape, which are arranged with the apex of the 
V towards the nuclear axis, divide longitudinally. Assuming 
that there were originally six chromosomes in the equatorial 
plate, as the result of the division there are now twelve ar- 


Gc letras 


ranged in pairs (Fig. 2, C). One of each pair, now proceeds 


to move'towards one Gf the ‘poles, of the nucleus and the other | 


to the other, so that eventually near each pole there is a 
group of six chromosomes, and between the two groups there 
may be seen stretched a number of connecting fibres identical 


in appearancé with the original spindle-fibres, while in some , 


cases at the equator of the egg there is to be seen on these 


fibres a number of darkly staining dots which may be termed — 
the intermediate bodies (Fig. 2, D). At about this stage the 


cytoplasm begins to divide, the plane of its division passing 
through the equator of the nucleus, and there are thus formed 
two cells, each containing a nucleus composed of six chromo- 
somes and a centrosome. The chromosomes now begin to 
become irregular in shape, they gradually fuse and are finally 
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scattered in the form of a chromatic reticulum through the 
substance of the nucleus, which thus passes again into the 
resting stage, developing a new nuclear membrane. 


Our knowledge of many of the details of karyokinesis is yet imperfect, 
and especially is this the case with regard to the mode in which the cen- 
trosome exerts its influence. It has been regarded as a simple centre of 
attraction, similar to the pole of a magnet, but the spindle-fibres seem to 
be more than passive in the phenomena. A comparison of the centrosome 
with an aggregation of microsomes has already been referred to, and if 
this idea be extended some light may be thrown upon the spindle-fibres. 
They would then naturally be regarded as reticular fibres, i.e. fibres of 
plastin to which a certain amount of contractility and extensibility may be 
ascribed. During the earlier stages of karyokinesis their extensibility is 
more manifest, and extending into the nucleus they compress its chromatic 
substance, the contractility manifesting itself later and determining the 
migration of the chromatin loops or chromosomes towards the poles of the 
nucleus. Furthermore, since the linin reticulum of the nucleus is probably 
continuous with the plastin reticulum of the cytoplasm, it is conceivable 
that the activities of the centrosomes may call out in it changes of contrac- 
tion or extension which may suffice to bring about the characteristic skein 
formation of the chromatin and the subsequent fragmentation of the skein 
. into the chromosomes, as well as the formation of the connective fibres in 
later stages, the intermediate bodies upon these being regarded as micro- 
somes. These views, which have been but recently suggested, require con- 
firmation, however ; if true they afford a new basis from which to attack the 
problems involved in the phenomena of karyokinesis, and even at present 
throw no little light upon the structural details associated with the process. 
It must be mentioned, however, that certain recent observations have been 
held to prove that the centrosome has a nuclear origin, and for the present 
' the important question of its significance must be considered as open. 
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CHAPTER II. 
SUBKINGDOM PROTOZOA. 


A stmpLe cell, as has already been stated, possesses the 
power of performing all the functions of life, and conse- 
quently the existence of unicellular organisms is possible. 
Such organisms, together with those which consist of a 
number of cells grouped together, each cell, however, retain- 
ing to a greater or less extent its own individuality, are 
grouped together in a subkingdom and are collectively 
termed Prorozoa. In its simplest form a Protozoon may 
show but little differentiation of its protoplasm, but in the 
majority of cases various portions of the cell-substance take 
upon themselves special functions, and in accordance with 
this physiological differentiation undergo various structural 
modifications. Locomotor and prehensile structures of vari- 
ous forms may be developed, excretory pulsating vacuoles, a 
permanent mouth and pharynx, special contractile bands, 
and even pigment spots presumably connected with light 
absorption may occur, and in addition the power of secreting 
horny, calcareous, or siliceous skeletons, serving either as 
protective or supportive structures, is frequently present. A 
high degree of complexity may therefore occur in a unicel- 
lular organism, a complexity produced by a differentiation of 
various portions of the protoplasm composing the individual. 
For the most part the organisms are simple, but occasionally 
they associate together to form colonies. The individuals of 
the colonies are as a rule all alike, each carrying on all the 
functions of existence for itself, and there is no division of 
labor among the various individuals. The complexity which 
exists is individual and not colonial. A few forms, however, 
such as Volvoxz, do present a certain amount of colonial differ- 
entiation ; all the cells composing the colony are not perfectly 
identical physiologically, some becoming, for instance, spe- 
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cialized for reproductive purposes, while the rest take but 
little part in this process. Such a colony presents indica- 
tions of a passage towards a higher grade of individuality, 
some of the various cell-individuals merging to a certain ex- 
tent their individualities in that of the entire colony, and 
becoming somewhat dependent for existence on the coopera- 
tion of their fellows. This dependence, however, never 
reaches a high degree of development in the Protozoa and is 
for the most part entirely absent. It is in this respect that 
colonial Protozoa differ from the higher organisms, but the 
difference is one of degree, not of kind. 
Four well-marked classes may be distinguished among 
the Protozoa: 
I. Cl. Rhizopoda. 
IT. Cl. Sporozoa. 
III. Cl. Flagellata. 
IV. Cl. Infusoria. 


I. Crass RHIZOPODA. 


The simplest Rhizopods present an approach to the least 
complicated condition under which protoplasm is known to 
us. They are simply small masses of protoplasm, more or 
less granular towards the centre, clearér towards the periph- 


Fia. 3.—Ameba proters (after Grtper). 
cv = contractile vacuole. nm = nucleus. ps = pseudopodium. 


ery, and continually alter their shape by pushing out lobe. 
or thread-like processes known as pseudopodia (Fig. 3, Pps). 
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By throwing out such a process and flowing after it, as it 
were, locomotion is performed, which from a well-known 
genus of the class is termed ameboid. Food is simply en- 
gulfed by the protoplasm flowing around it, after it has come 
in contact with a pseudopodium, and the digestion of the 
food-substance takes place within the protoplasm, being thus 
intracellular. Undigestible material is discarded at any 
part of the body; respiration and excretion are carried on by 
‘the general surface; and reproduction is limited to the sim- 
ple process of division. 

It is rare, however, to find such a simple condition as 
this; even among the simpler forms a certain differentiation 
of the protoplasm exists, and it is doubtful if it is really 
absent in any of the forms known to us. The structural dif- 
ferentiations most usually occurring are the nucleus (Fig. 3, n) 
and the contractile vacuole (Fig. 3,cv). The former, as was 
noticed in the preceding chapter, is of great importance to 
the cell, and itis questionable whether it is really absent 
even in those Rhizopods in which it has not yet been dis- 
covered. It is presumable, of course, that it is a structure 
which has gradually become elaborated, that has evolved, 
and that in the simplest conceivable organism it may have 
been undifferentiated, but whether such an organism now 
exists is questionable. The contractile vacuole is excretory 
in its function, fluid containing products of metabolism in 
solution accumulating at one or more definite regions of the 
protoplasm to form it, and being by the sudden and rhythmi- 
cal contraction of the surrounding protoplasm periodically 
expelled from the body. 

Various degrees of complexity are, however, found among 
the Rhizopods, the higher forms presenting a considerable 
degree of differentiation both in structure and in the modes of 
reproduction, and three orders based upon structural charac- 
teristics may be distinguished. 


1. Order Foraminifera. 


The Foraminifera contains the simpler members of the 
class. In the genus Amoeba (Fig. 3) are organisms presenting 
the simple characters above alluded to, being simple naked 
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masses of protoplasm containing a nucleus and a contractile 
vesicle and presenting a slight differentiation into a peripheral 
more transparent ectoplasm and a central more granular 
endoplasm in which the nucleus is imbedded. The pseudo- 
podia are as a rule blunt lobose processes, though in some 
species they are more or less fila- 
mentous and may even be some- 
what permanent. The majority of 
forms, however, secrete a protective 
shell of varying composition and 
complexity. In Arcella (Fig. 4) it 
is chitinous and smooth, and len- 
ticular in shape, completely sur- 
rounding the protoplasm, the pseu- 

Fie. 4.—Arcella mitrata dopodia projecting from the cir- 

ee cular opening on the flat surface ; 
in Euglypha it is similar in composition, but sculptured on 
the convex surface ; in Difflugia the shell is flask-shaped and 
composed of particles of sand and similar foreign bodies 
cemented together, while in a large number of forms, es- 
pecially those which are marine in habitat, the shell is 
calcareous in composition. 

It is in these forms with calcareous shells that the great- 
est complexity of structure occurs. In some, such as Gromia, 
the shell is simple and flask-shaped, the protoplasm pro- 
truding from the mouth of the shell and covering its entire 
surface as a delicate layer, from which the long, slender, and 
frequently anastomosing pseudopodia take their origin. Al- 
though the pseudopodia are practically permanent in form 
their protoplasm is continually changing, currents streaming 
from the body towards the tips of the pseudopodia and re- 
turning again to the central mass, a constant circulation being 
thus maintained, and food-particles caught by the delicate 
pseudopodia conveyed to the central mass, there to be di- 
gested. A simple shell is, however, comparatively rare 
among these calcareous forms; more frequently it consists of 
several chambers, as in Miliola, the chambers varying in size, 
the first-formed one being the smallest, and, in addition, in 
very many forms the shell is perforated by minute pores 
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through which the pseudopodia are emitted. The successive 
chambers are arranged in various ways, sometimes end to end 
as in Nodosaria, sometimes alternately on opposite sides of an 
axis as in Textularia, sometimes as a spiral as in Globigerina, 
sometimes as a helix as in Rotalia (Fig. 5), and sometimes 
more or less irregularly as in Acervularia. 


\ 


Fig. 5.—Rotalia venata (after M. ScuutzE from HaTscHeER). 


Notwithstanding the complexity of the shell, however, the 
protoplasm retains throughout the order its simple structure, 
and though in the more complicated forms the single nucleus 
may be replaced by several, yet beyond this they present no 
more marked differentiation than is found in the simpler 
genera. 


2. Order Heliozoa. 


In the second order, the Heliozoa, the pseudopodia are 
slender as in the calcareous Foraminifera and are permanent 
and somewhat rigid, the central protoplasm of each one 
being differentiated into an elastic axial support. The ani- 
mals are usually globular in shape, the slender pseudopodia 
radiating out from the central mass, an appearance being 
thus produced which is sufficient cause for the popular term 
“sun-animalcule’’ which is applied to several of the genera, 
such as Actinophrys and Actinospherium (Fig. 6). Currents 
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of protoplasm traverse the pseudopodia as in the Foraminifera 
and carry the food-particles to the body proper. This has a 
delicate ectoplasm and a central endoplasm which is fre- 
quently highly vacuolated and contains one or more nuclei 


Fic. 6.—Actinospherium Hichhornti (after Lery). 
cv and cv’ = contractile vacuoles, if = ingested food, 
of = egested food. ‘ps = pseudopodium. 


and contractile vacuoles. In some forms also a skeleton is 
developed; it reaches its most perfect form in the stalked 
Clathrulina, in which it consists of a delicate fenestrated 
siliceous sphere. 


3. Order Radiolaria. 


The Radiolaria are exclusively marine and are the most 
complicated of all the Rhizopods. Their pseudopodia re- 
semble closely those of the Heliozoa, being slender and pos- 
sessing an axial support. The body varies in shape somewhat 
in accordance with the shape of the siliceous shell with which 
almost all the forms are provided. In those forms in which 
the shell is simplest, as in Thalassicolla (Fig. 7), where it is in 
reality absent, the body is spherical and is clearly differen. 
tiated into two regions, not, however, corresponding to the 
ectoplasm and endoplasm of other Rhizopods. The centre of 
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the body is occupied by a spherical mass surrounded by a 
firm chitinous covering and forming the central capsule. This 
contains usually many uuclei as well as vacuoles, oil-globules, 
and in some cases crystals aud pigment-granules. The wall 
of the capsule is probably comparable to the shell of the 
Foraminifera, being perforated as in those forms by minute 
pores through which the intracapsular protoplasm becomes 


Fie. 7.—Thalassicolla pelagica (after Harcken from Hatscuex). 


continuous with the extracapsular. This latter portion on 
this supposition, notwithstanding its greater relative thick- 
ness, is equivalent to that portion of the protoplasm of the 
Foraminifera which is outside the shell and from which the 
pseudopodia arise. Itis usually richly vacuolated and pig- 
mented, but contains no nuclei; the axial supports of the 
pseudopodia traverse it and take their origin from the inner 
layers which immediately surround the central capsule and 
are more homogeneous than the outer portions. 

The shell is very various in form in the different genera, 
reaching a high degree of differentiation in some forms, such 
as Heliosphera (Fig. 8), where it consists of a fenestrated 
globe traversed by radiating spines. Its greatest simplicity 
is seen in Spherozoum, in which it is represented by scattered 
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spicules, while in Thalassicolla, already alluded to (Fig. 7), it 
is entirely absent. As stated, itis usually siliceous in char- 
acter, though in Acanthometra it is composed of a peculiar 
horny material termed acanthin. 

Scattered through the protoplasm of the Radiolarians 
there are usually to be seen numbers of small yellowish 
bodies long known as the “yellow cells.” They are not con- 
stant, however, individuals of any species frequently being 
destitute of them, a peculiarity due to the “yellow cells” 
not being really constituent parts of the Radiolarian, but 


Fic. 8.—Heliosphera actinota (after HaeckeL from HatscHEr). 


foreign bodies, in fact unicellular plants, for which the term 
Zooxanthelle has been proposed. They cannot be consid- 
ered parasites, since they do not appear to exist at the ex- 
pense of the host, but, on the contrary, their presence seems 
actually to be beneficial. Mutual benefits are conferred by 
the plant and the Radiolarian, the coexistence constituting 
an example of the phenomenon known as Symbiosis. 
Reproduction in the Rhizopods.—Throughout all the groups 
the simplest form of reproduction, fission, is probably preva- 
lent (Fig. 9), though it is not yet definitely known to occur in 
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the marine Foraminifera nor among the Radiolaria. In the 
fresh-water Foraminifera and Heliozoa it is, however, the 
usual method in genera both with and without shells. 
Where the shell is thin it may be divided during the process, 
but where it is thicker the protoplasm divides within it, one 
of the new individuals retaining the old shell, while the other 
wanders forth and constructs a new house for itself. This is 
the case, for instance, in Arcella, in which the wandering indi- 


Fie. 9.—Division of Amba (after ScuuuzE). 


vidual protrudes from the mouth of the parent shell until it 
forms its new shell, only separating when this is accom- 
plished. 

Colonies, produced by repeated divisions and the imper- 
fect separation of the forms so produced, are occasionally 
formed, but they are simply aggregations of similar individ- 
uals, no differentiation or individualization of the colony as a 
whole occurring. Among the fresh-water Rhizopods this is 
the case with Microgromia, a shelled form, numerous individ- 


22 INVERTEBRATE MORPHOLOGY. 


uals of which may remain in connection with one another by 
means of their profusely-branching pseudopodia. Colonies 
of Actinophrys are also formed in asimilar manner, and among 
the Radiolaria the forms with rudimentary shells—such as 
Spherozoum, produce, apparently by the division of the cen- 
tral capsule, numerous individuals which remain in contact. 

A modification of fission known as budding or gemmation 
also occurs in some forms. It differs from fission only in 
that the products of the division differ in size, so that it is 
possible to regard the larger individual as the parent and 
the one or more smaller ones formed from it by budding as 
the progeny. The process is, however, fundamentally the 
same as fission and is a derivative of that process. In Arcella 
bud-like processes arise from the periphery of the parent 
protoplasm, separate, and assume amceboid movement leav- 
ing the shell in an Ameba-like condition, and it seems prob- 
able that the marine Foraminifera and certain Heliozoa re- 
produce in a similar manner. 

Spore-formation also occurs, the parent protoplasm break- 
ing up more or less completely into a number of small por- 
tions termed spores, which later increase in size and assume 
the characters of the parent. This process is sometimes pre- 
ceded by encystment, a phenomenon not, however, in its origin 
connected with reproduction. It is more prevalent among 
fresh-water than among marine forms, and seems to have 
been originally developed as a protection from injurious ex- 
ternal conditions, such as the drying up of the pools in which 
the organisms live. When about to encyst an dmeba, for 
instance, withdraws its pseudopodia and assumes a spherical 
shape, and then secretes a more or less dense chitinous case 
or cyst which completely encloses it. In virtue of the resist. 
ent and non-conductive nature of the cyst the organism may, 
while in this state, suffer uninjured prolonged exposure to 
conditions which would quickly entail the death of the non- 
encysted individual, and on the return of favorable condi- 
tions may leave the cyst and reassume its active life. Occa. 
sionally, too, encystment may occur as the result of good 
nutrition, an individual which has engulfed a number of 
diatoms, for instance, secreting a cyst around itself within 
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which it remains until the food-matter has been thoroughly 
digested, when the cyst is thrown off together with the empty 
diatom shells and the animal again becomes active. 

Plentiful nutrition and reproduction by division (including 
under this term the various modifications of fission) are 
related to a certain extent, and it is easy to understand why 
the two processes of encystment and spore-formation should 
be associated together. The Heliozoan Vampyrella (Fig. 
10, A) feeds in its active condition on diatoms, and especially 
on a stalked form, Gomphonema. After having digested the 
contents of the diatom frustules which it engulfs it pushes 


Fie. 10.— Vampyrella (from Harcxen after BUrscHLt). 


A. Vampyrelia feeding upon the stalked diatom Gomphonema. 
B. Vampyrelia encysted upon the stalk of the diatom. 


them aside and encysts itself upon the stalk previously occu- 
pied by them. Within the cyst the animal divides into four 
spores (Fig. 10, B), each of which escaping from the cyst 
becomes a new Vampyrella. 

Among the Radiolaria spore-formation seems to be the 
most usual method of reproduction, and a complication occurs 
among them in that spores of two kinds may be formed. In 
some cases the spores, which are formed from the intracap- 
sular protoplasm, are all equal in size (isospores), while in 
others some of the spores may be large (macrospores) and 
others small (microspores). Both macrospores and micro- 
spores may be formed in the same individual, or each indi- 
vidual may produce only one of the two forms. In such cases 
itis easy to determine whether one has to do with macro- 
spores or isospores, which closely resemble each other in size, 
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from the fact that the isospores are spherical in shape and 
each possesses a peculiar whetstoue-like crystal, wanting in 
the macrospores. All the spores are provided with single 
whip-like processes, flagella, by which they are propelled 
through the water when set free from the parent. 

The various processes so far mentioned concern a single 
individual only and are therefore non-sexual. Whether sex- 
ual reproduction, the union of two individuals (conjugation), 
occurs among the Rhizopods is uncertain, although the fusion 
of two individuals preceding spore-formation has been ob- 
served in several instances, That the fusion, however, is the 
predisposing cause of the spore-formation seems probable, 
but cannot be positively asserted until the behavior of the 
nuclei of the two fused individuals is ascertained. It seems 
exceedingly probable, also, that the macrospores and micro- 
spores of the Radiolaria are sexual cells, their further de- 
velopment depending on the conjugation of a micro- with a 
macrospore, but the fate of these spores has not as yet been 
ascertained, and their conjugation can only be imagined from 
analogy with other forms. 


II. Cuass SPOROZOA. 


The Sporozoa, which constitute the second class of Proto- 
zoa, are all parasitic, living in the cavities, cells, or tissues of 
other animals and deriving their nutrition from their hosts. 
At present much is lacking to an adequate knowledge of the 
various members of the group, but at least three orders are 
to be recognized. — 


1. Order Gregarinida, 


The Gregarinida include some of the largest Sporozoa, 
and are parasitic either in the body-cavity, intestine, or 
organs of various Invertebrata (especially in Annelids and 
Tracheata), or in the cells especially of Vertebrated Animals, 
these intracellular parasites being .usually known as the 
Coccidia in contradistinction to the former, the Gregarinida 
proper. The members of both groups show a marked diffey- 


entiation of their protoplasm into ectoplasm and endoplasim, 
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a relatively large nucleus lying in the latter, and none are 
known to possess pseudopodia. Indeed in 
many Gregarinida a well-marked cuticle 
covers the exterior of the body (Fig. 11), 
sometimes distinctly striated or occasionally 
tuberculated. The Coccidia and many Gre- 
garinida show little differentiation beyond 
what has been mentioned, but the Gregari- 
nida which inhabit Tracheate hosts usually 
present the appearance of being composed 
of two cells, owing to the anterior portion 
of the body being separated by a partition 
of ectoplasm from the posterior part, and in 
addition to this the anterior moiety in some 
cases is furnished with hooks, bristles, or 
finger-like processes (Fig. 11) of use in fixing F6- 1!.—Hoplorhyn- 
a ay ‘ chus oligacanthus 
the animal to the walls of the cavity in which  Gfter gcunsiver). 
it lives. Even in these cases, however, but 
a single nucleus is present and the organism is unicellu- 
lar. 

Reproduction is carried on by spore-formation, preceded 
in some cases by conjugation (Fig. 12), but simple division 
or gemmation is not known to occur, apparent instances of 
division being more probably cases of conjugation. In spore- 
formation, preceded or not by conjugation, the animal as- 
sumes a spherical shape and forms a cyst about itself, the 
greater portion of the protoplasm splitting up into usually 
a number of nucleated spores, a small portion of it, how- 
ever, remaining undivided (residual body) (Fig. 12). When 
inature the spores are usually spindle- or boat-shaped and 
have received the name of pseudonavicelle. They do not, 
however, develop directly into Gregarines, but their proto- 
plasmic contents break up into 2, 8, or more crescentic 
spores (Fig. 12), a residual body being again formed as in 
the formation of pseudonavicelle. The further history of 
these crescentic spores is not thoroughly known, but in some 
cases (Porospora from the intestine of the lobster) each 
seems to become converted into an amceboid structure which 
later elongates to an actively moving thread-like organism, 
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the pseudofilaria, and this, gradually losing its motility, de- 
velops into the adult form. 


Fig. 12.—REPRODUCTION OF GREGARINE (from HERTWIG). 


1. Clepsidrina blattarum in conjugation; ck = ectosarc, en = endosarc,cu = 
cuticula, pm = anterior portion, dm = posterior portion, m = nucleus. 

2. Cysts in transformation into. pseudonavicelle; pn — pseudonavicelle; 
rk = residual protoplasm. 


3. A, a pseudonavicella strougly magnified; B, the same divided into spores, 
sk; n = nucleus, rk = residual protoplasm. ; 


2. Order Myxosporidia. 


The Myxosporidia are found almost exclusively parasitic 
in Fishes, affecting principally the skin, but also occurring 
in the internal organs, such as kidneys, spleen, and urinary 
bladder. They consist of irregularly-shaped masses of pro- 
toplasm, sometimes reaching a length 0.1 mm., but usually 
falling considerably short of this size. Frequently they are 
enclosed in cysts developed from the tissues of the host, but 
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when not so enclosed seem to possess the power of slow 
anceboid movement. The endoplasm is usually well differ- 
entiated from the ectoplasm and contains in the adult condi- 
tion a large number of minute nuclei. 

Reproduction by division is not known to occur, spore- 
formation being the only method as yet observed. In the 
Myxosporidium occurring in the urinary bladder of the 
Pike the protoplasm breaks up into a number of spherical 
masses each containing a number of nuclei. The fate of 
all of these masses is not known, but some, containing only 
six nuclei, form a wall about themselves and divide into 
two portions each of which contains three nuclei. These 
trinucleated bodies elongate, develop a wall, and become 
pseudonavicella-like spores, one of the three nuclei per- 
sisting as the spore-nucleus, while the other two, situated 
at the extremities of the spore, seem to give rise to a sac-like 
structure containing within its interior a spirally rolled fila- 
ment which is emitted when the spore is subjected to press- 
ure and probably serves for the fixation of the spore to the 
body of a host. The further history of the spores is not 
thoroughly known, but it seems probable that the contents 
escape as amceboid masses which develop into adult Myxo- 
sporidia. 

In many respects the Myxosporidia resemble closely the Gregarinida, 
but the possibility of their being in reality not of an animal but of a 
plant nature must not be overlooked. By some authors their nearest re- 


lations have been found in the Myxomycetous and Chytridiaceous fungi, a 
view which certainly has not a little to recommend it. 


3. Order Sarcosporidia. 


The Sarcosporidia are, with a single exception. parasites 
in the muscle-tissue of warm-blooded animals, especially 
of Mammalia, being found in the interior of the primitive 
fibrils of the striated muscles, whose contents they more or 
less destroy. 

They form somewhat elongated sacs 1-2 mm. in length, 
the wall of the sac being formed of a distinct membrane 
which has the appearance of being covered with fine bristles. 
The contents of the sac consist of a protoplasmic ground- 
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substance in which a large number of nuclei are imbedded, 
sometimes aggregated into masses each of which is sur- 
rounded by a delicate membrane. It seems probable that 
these masses represent a process of spore-formation, but as 
yet nothing is known regarding the further development of 
the spores. 


III. Crass FLAGELLATA. 


The Flagellates are characterized by the possession of 
one or more long filamentous processes of protoplasm, known 
as flagella, which, by whip-like movements, propel the organ- 
isms through the water in which they live, and at the same 
time by the production of currents in the water bring food- 
particles within their reach. Some forms possess pseudo- 
podia in addition to the flagella, which are indeed simply at- 
tenuated and mobile pseudopodia, but the majority have a 
more or less permanent body-form. This in many species 
is accompanied by the formation at the exterior of the body 
of a skin or cuticle which in some cases, as in the Dino- 
flagellata, may assume a sufficient density and thickness to 
entitle it to be termed a shell. 


- 1. Order Autoflagellata. 


In the Autoflagellata the body is usually more or less 
oval, and while in many forms it is naked and capable of 
changing form (Fig. 13, A), yet in others special cuticular in- 
vestments may be present, taking the form in some cases of 
a simple cuticular covering, as in Huglena (Fig. 13, B), in 
others forming a stalk by which the organism is attached 
to a foreign body ; in some forms, as in Codosiga (Fig. 13, C), 
a cuticular collar surrounding the base of the flagellum is 
present, while in others, such as Dinobryon, a cup is formed, 
within which the organism lives. 

Usually but one or two whip-like flagella are present, 
though oceasionally a larger number (6 or 8) may occur, and 
in some instances one or more may assume a firmer character 
and serve for fixation of the organism. All forms possess 
a single nucleus and a contractile vacuole. In the simpler 
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forms, such as Monas,in which no cuticle is developed, no 
special mouth-orifice is present, though the in-  , 

gestion of food takes place at a more or less 
definitely localized region at the base of the 
flagellum, the food-particles drawn to the | 
organism by the currents established by the 
flagellum usually impinging at this point; | 
where, however, a definite cuticle or shell is | 
developed a definite mouth occurs, and in 
some cases, as Luglena (Fig. 13, B), this leads 
into a distinct tubular pharynx projecting some 
distance into the interior. No hollow digestive 
tract is, however, present, but the food-parti- 
cles, after traversing the gullet, are received 
directly into the protoplasm of the body, and 
are digested there as in Ame@ba. A localized 4 oy nonas 
egestive region, situated usually towards the  @fter pérscata), 
posterior end of the body, has been ascer- B fugienaacus. 
tained to occur in some species, but in no G, Codosiga 
instance is it a permanent orifice, as is the  ‘fter Burscau). 
case with the mouth. In addition to the nucleus, contractile 
vacuole, and food-particles, other definitely organized particles, 
such as starch-like granules and pigment-granules, may be 
imbedded in the protoplasm. In Luglena the pigment is 
green and resembles plant-chlorophyll, probably too possess- 
ing a similar function. A red pigment-spot (stigma) is also 
present in this and other genera at the base of the flagellum 
and is supposed to be concerned in light-perception. 

The typical Flagellate is a free-swimming single organism, 
but many forms are fixed, developing a stalk by which they 
are fastened to foreign bodies ; the stalk may be very much 
branched, each terminal branch supporting an individual, the 
whole thus forming a colony, without, however, any differ- 
entiation among the individuals. Free-swimming colonies 
also exist, such for example as Volvox, in which a large 
number of individuals are grouped together to form a spheri- 
cal hollow colony. Each individual contains chlorophyll- 
granules and a red stigma, and is provided with two fla- 
gella by the action of which the entire colony is propelled 


Fie. 18. 
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through the water with a rotatory motion. The rotation is 
around a definite axis, one portion of the spherical colony 
always being in front in progression, and it is noticeable that 
the stigmata of the individuals of this anterior hemisphere 
are slightly larger than those of the cells of the posterior 
hemisphere, a slight differentiation of the individuals being 
thus present. 


2. Order Dinoflagellata. : 


The Dinoflagellata are distinguished from the members of 
the preceding order by the almost general occurrence of a 
rather dense shell composed of plates of a substance resem- 
bling closely vegetable cellulose. Some of the forms, such as 

Ceratium (Fig. 14), present a rather 
bizarre shape on account of the shell 
being prolonged into horns, and in the 
majority the shell-plates are delicately 
sculptured, while around the equator 
of the shell runs a furrow, and from 
an opening in the line of the furrow 
two flagella protrude, one of which 
possesses the ordinary whip-like char- 
acter, while the other lies in the fur- 
row and in some cases has the form 

Fie. 14.—Ceratium tripos of a delicate undulating band. Chlo- 
oe of two figures yonhyll-like pigment is almost invari- 
ably present, as is also the red stigma. 
Peculiar cysts are also present in the protoplasm of many 
forms, consisting of a hollow capsule having rolled up within 
it a hollow thread, which on occasion may be rapidly evagi- 
nated and no doubt has a protective function, resembling very 
closely in its structure the nematocysts of the Coelenterates. 


3. Order Cystoflagellata. 


The order of the Cystoflagellata includes only two genera, 
Noctiluca and Leptodiscus. The latter is a somewhat disk-like 
structure nearly 2 mm. in diameter, while Voctiluca (Fig. 15) 
is almost globular with a slight depression at one point where 
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the flagella are situated, and at the botton of which is situated 
the mouth-opening. Noctiluca has the form of a cyst, pos- 
sessing an external thin membrane- 
like outer wall, to which branching 
strands of protoplasm extend from 
the central mass containing the 
nucleus and lying slightly below the 
depression which contains the fla- 
gella. These are two in number, 
one being short and whip-like, while 
the other, usually known as the 1 ore 
“tentacle” (Fig. 15, t), is a highly Le 
contractile, somewhat flattened, and, F!* al mations 
relatively to the flagellum, thick pro- ,_ ta a ae 
cess of the internal protoplasm. 
This structure is unrepresented in Leptodiscus, which other- 
wise closely resembles Noctiluca. 

Noctiluca is of considerable physiological interest, since it is one of the 
forms to which the phosphorescence of the ocean is due. The cause of the 
light and its character are, however, as yet unknown. 


Reproduction in the Flagellata.—The most frequent method 
of reproduction in all the orders of the Flagellates is simple 
division, either transverse or longitudinal. Encystment, fol- 
lowed or not as the case may be by spore-formation, is also 
common, and when accompanied by spore-formation may be 
preceded by the conjugation and fusion of two individuals. 
In Cercomonas the spores are exceedingly abundant and small, 
presenting the appearance of minute granules even under the 
highest powers of the microscope, but in other forms, as 
Chlamydomonas, the spores are larger and much fewer in num- 
ber, being only 4 or 8 in this particular case. An interesting 
modification occurs in closely-related species (Fig. 16), some 
individuals of which divide into a number of small spores 
(microspores), while others undergo a more restricted division 
and give rise to a few large spores (macrospores). The latter 
develop directly into the adult forms, but the microspores 
show a tendency to conjugate in pairs before undergoing 
further development. This differentiation of two kinds of 
spores is carried still farther in other forms where neither 
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macro- nor microspores develop directly but further develop- 
ment is contingent upon the conjugation of a micro- with a 
macrospore. 

In this respect considerable interest attaches to Volvox ; 
certain cells, usually those situated in the posterior hemi- 
sphere, enlarge and project into the interior cavity, dividing 


RC ooR 
eT 


Fie. 16.—1. Phacotus lenticularis; 2. MacrRosPpoRES AND MICROSPORES OF 

THE SAME SPECIES (after BurscH.t). 
sch = shell. n = nucleus. 
when they have reached their full growth into a number of 
cells which arrange themselves in a hollow sphere forming 
daughter colonies in the interior of the parent. In addition 
to this a sexual process occurs ushered in by certain indi- 
viduals gradually enlarging, and leaving their position at the 
surface of the colony. In the interior some of them continue 
to enlarge, forming ova (macrospores), while others divide 
frequently, forming packets of elongated cells furnished with 
flagella; these may be termed spermatozoa (microspores). The 
ova develop into colonies similar to the parent after conjuga- 
tion with spermatozoa. Since many of the cells of the parent 
colony do not participate in this reproductive act, but disin- 
tegrate and die on the development of the daughter colonies, 
it is clear that we have in this form a rather marked differ- 
entiation of the individuals of the colony, the individualities 
of the constituent cells being to a slight extent merged in the 
individuality of the colony. 


In Noctiluca in addition to simple division a process of reproduction 
occurs which partakes of the character of budding. It is apparently pre. 
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ceded by the conjugation of two individuals, the combined central proto- 
plasms coming to the surface of the cyst where they form a protuberance. 
Repeated division of the nucleus into 2, 4, 8, etc., up to 256 or more now 
takes place accompanied by only a partial division of the protoplasm, so 
that the surface of the protuberance is covered by a large number of bud- 
like structures. Eventually these separate, develop a flagellum, and take 
on the character of motile spores. Their further development into the 
adult Woctiluca has, however, not yet been followed. 


IV. Crass INFUSORIA. 


The Infusoria are the most highly specialized of all the 
Protozoa, showing a differentiation of the protoplasm unat- 
tained by other members of the group. They are character- 
ized by the possession during the whole or part of their lives 
of numerous delicate short motile hair-like processes termed 
cilia by means of which locomotion is performed and food 
procured. In one of the orders into which the class may be 
divided, the Ciuiata, these structures are present during the 
adult life of the organisms, while in the other, the Sucrortia, 
though present in the young stages they are replaced later by 
immovable processes of the body, which extract the nourish- 
ment from the food-particles which come into contact with 
them. 


1. Order Ciliata. 


The Ciliata are for the most part free-swimming organ- 
isms, though some, e.g. Vortivella (Fig. 17, C), adhere to foreign 
bodies by means of a stalk, similar to that found in Flagel- 
lates, and colonial stalked forms also occur as in that class. 
In these stalked forms the body is enveloped in a chitinous 
case, of which the stalk is a prolongation, the surface oppo- 
site the stalk being, however, left naked and being surrounded 
by cilia which are absent on the portions of the body pro- 
tected by the chitin (Peritrichous forms, Fig. 17, C). In the 
free-swimming forms, however, the cilia are more universally 
distributed, covering either the entire surface (Holotrichous 
forms, Fig. 17, A) or else one surface of the flattened body, 
some of them in this case being modified into stout movable 
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bristles upon which the animal creeps (Hypotrichous forms, 
Fig. 17, D). 

A definitely localized mouth-opening is always present, 
situated frequently at the extremity of a peristomial groove 
and leading into a gullet of variable extent, usually lined by 
cilia, though sometimes furnished with a chitinous support 


Fig. 17.—A, Paramecium ; B, Stentor ; C, Vorticella ; D, Euplotes. 


cov = contractile vacuole. n = nucleus. 
m = mouth. n' = micronucleus. 
my = myophane. tr = trichocyst. 


(Chilodon). There is, however, no special digestive tract, the 
food-particles after traversing the gullet being received into 
the body-protoplasm, where they are digested. Usually there 
is a localized cgestive region, and in a few cases there is a 
definite anal opening. The food is procured as in the Flag- 
ellates by the currents set up in the water by the cilia carry- 
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ing minute organisms to the neighborhood of the mouth, the 
cilia surrounding this opening directing them to the gullet. 

The body-protoplasm is usually very granular in its cen- 
tral part, and filled with food-vacuoles and products of diges- 
tion. Pigment-granules are sometimes present and may con- 
sist of Chlorophyll, as in Stentor, and one or more excretory 
contractile vacuoles are always present. The nucleus is usu- 
ally single, though occasionally two are present, and in the 
genus Opalina, which occurs in the intestine of the Frog, they 
are numerous in the adult condition. When single the nu- 
cleus may be very large and either spherical, elongated, 
horseshoe-shaped as in Vorticella (Fig. 17, c), moniliform as in 
Stentor (Fig. 17, B), or otherwise shaped. In addition to the 
nucleus there are one or two minute structures usually to be 
found in its vicinity which play an important part in repro- 
duction and are known as micronuclei (Fig. 17, A, 2‘). Other 
differentiations of the protoplasm are also found in certain 
forms, as, for instance, special bands differentiated so as to be 
specially contractile and therefore corresponding in function 
to the muscles of the higher animals, and hence termed myo- 
phanes. In Vorticella a more striking differentiation of spe- 
cially contractile protoplasm occurs (Fig. 17, C, my); running 
in an open spiral through the centre of the supporting stalk 
of this organism is a strong myophane terminating above in 
the protoplasm of the animal. Whien the latter is stimulated 
the myophane contracts, coiling the stalk into a close spiral 
and withdrawing the animal from the source of irritation. In 
some of the Holotricha, such as Paramecium, numerous mi- 
nute rod-like structures occur imbedded in the protoplasm 
near the surface of the body (Fig. 17, A, tr). They are appar- 
ently defensive in function, since when stimulated they sud- 
denly, as if by an explosive action, become transformed into 
long threads or needle-like structures projecting beyond the 
cilia. These trichocysts also occur in some Flagellates. 


2. Order Suctoria. 


The Suctoria lack the active movements of the Ciliata, 
being destitute in the adult stage of cilia, and many of the 
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forms, e.g. Acineta (Fig. 18), are attached to foreign bodies by 
a stalk. They do not possess any mouth, but a number of 
simple or branched stiff processes project 
from the body which serve for the prehension 
and digestion of the organisms upon which 
they feed. A contractile vacuole, nucleus, and 
micronucleus are always present, the nucleus 
having sometimes a very complicated shape. 
It seems pretty clear that they have been de- 
rived from the Ciliata, since in their young 
stages they are free-swimming ciliated struc- 
tures; the tentacular processes have been 
compared to the pseudopodia of the Rhizo- 
pods, but good reasons for such an homology 
do not exist, and it is more probable that they 
are structures peculiar to the group. 
The Reproduction of the Infusoria.—In the 
Fie. 18.—Acineta Trtysoria the reproductive processes reach a 
grandis (after é ‘ : 
SaviteKenr), much higher grade of complication than occurs 
in other Protozoa, though the simple pro- 
cesses of fission and spore-formation likewise occur. The 
former occurs in the majority of forms, and may be the only 
mode of reproduction occurring throughout a number of gen- 
erations. Long-continued fission seems, however, to lead in 
many cases to structural and physiological derangements, 
unless the process of conjugation be interposed. 

Encystment is also of frequent occurrence and may occur 
under various conditions. In Colpoda, in which the process 
has been most thoroughly studied, encystment may or may 
not be followed by reproduction. In the latter case the cyst, 
a resting cyst, is perfectly closed, and the walls are thick and 
resistent so as to withstand unfavorable conditions, such as 
insufficient aeration or dryness. When reproduction is asso- 
ciated with encystment it may be either fission or spore-forma- 
tion. The division cyst is thin-walled and is not completely 
closed, and within it the animal undergoes division into two 
or four parts. In spore-formation a thin cyst is first formed, 
within which the animal slowly rotates, at the same time 
gradually growing smaller by the expulsion of fluid. Finally 
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it contracts to a round mass and surrounds itself with a sec- 
ond cyst within the first. At the surface of the encysted 
animal from eight to thirty minute spherical and highly re- 
fractive bodies appear which are the spores, and by the 
bursting of the cyst they, with the remains of the protoplasm 
in which they arose, escape to the exterior and soon begin to 
develop. Losing its spherical shape each spore becomes 
amoeboid; then, drawing in all the pseudopodia but one, 
which elongates and becomes a flagellum, it passes from the 
Rhizopod to the Flagellate stage; and finally the flagellum is 
withdrawn, cilia appear, and the animal gradually assumes _ 
the adult form. Spore-development somewhat similar to this 
has been observed also in Vorticella, and special interest at- 
taches to it as probably indicating the line of descent of the 
Infusoria. 

Conjugation is a frequent process among the Infusoria, 
where it seems to have a rejuvenating rather than a strictly 
reproductive function. If prevented, and fission goes on 
through a number of generations, marked degeneration en- 
sues; while if it be allowed, the same number of generations 
may be produced without any signs of degeneration. The 
process consists of a renewal of the nuclei and micronuclei of 
the conjugating forms, and the process as it occurs in Colpid- 
ium colpoda may be described thus. Two individuals come 
Into contact by the anterior portions of their body, actual 
fusion of the two protoplasms taking place at the point of 
contact. The micronucleus in each individual then enlarges 
and divides, the two thus formed subsequently dividing again, 
so that each of the conjugating individuals contains four 
micronuclei and one nucleus. One of the four micronuclei 
in each individual now divides, and one of the two thus 
tormed (the male pronucleus) crosses over to the other indi- 
vidual and unites with the other product of the division, the 
female pronucleus, there being thus a mutual interchange of 
micronuclei. The individuals now separate and resume their 
independent existences, and a rearrangement of the nuclear 
structures accompanied by fission takes place. The three 
micronuclei which did not take part in the formation of the 
pronuclei of conjugation degenerate, as does also the original 
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nucleus. The conjugation micronucleus, formed by the fusion 
of the male and female pronuclei, divides twice, forming four 
micronuclei, and this is followed by a fission of the entire 
Infusorian, each of the daughter forms so produced possessing 
two micronuclei. One of these, enlarging, becomes the new 
nucleus, while the other remains as the micronucleus. This 
complicated process may perhaps be better followed in the 


accompanying diagram (Fig. 19). 


O O 
Fig. 19.—Dragram To ILLUSTRATE THE BEHAVIOR OF THE NUCLEI AND 

MICRONUCLEI DURING CONJUGATION IN INFUSORIA (after Maupas). 

In the majority of forms the conjugation is a temporary 
process, the two individuals separating after the exchange of 
pronuclei. In Vorticella, however, a permanent fusion occurs. 
By repeated longitudinal fission a Vorticella becomes divided: 
into a number of small individuals which leave their stalks 
and swim about freely in the water. Should one of them 
come into contact with a large individual a complete and 
permanent fusion of the small with the large one occurs. 
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I. Class Ru1zopopa.—Protozoa with lobe-like or filamentous pseudopodia. 
1. Order Foraminifera.—Pseudopodia without axial support; shell 
when present horny or calcareous. 
(a) Shell absent. Amba. 
(6) Shell horny. Arcella, Euglypha. 
(c) Shell of foreign particles cemented together. Difflugia. 
(d) Shell calcareous, imperforate. Groméia. 
(e) Shell calcareous, perforate. Jfiliola, Nodosaria, Textu- 
laria, Globigerina, Rotula, Acervularia. 
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2. Order Heliozoa.—Pseudopodia slender, with axial support; shell if 
present siliceous ; no central capsule. 

(a) Shell wanting. Actinophrys, Actinospherium, Vampy- 
rella, Microgromia. 
(6) Shell present. Clathrulina. 

8. Order Radiolaria.—Pseudopodia slender with axial support; shell 
usually present and siliceous (rarely horny); central capsule 
present. 

(a) Shell wanting. Thalassicolia, Spherozoon. 
(6) Shell siliceous. Actinomma, Heliosphera. 
(c) Shell horny. Acanthometra. 
II. Class SPorozoa.—Parasitic ; without pseudopodia, flagella or cilia. 

1. Order Gregurinida.—Parasitic in cavities of the body especially of 
Invertebrates or in the cells especially of Vertebrates. 

2. Order Myxosporidia.—Parasitic usually in the skin, sometimes in 
internal organs of fishes. 

8. Order Sarcosporidia.—Parasitic in the muscle-fibres of Mammalia. 

TII. Class FLAGELLATA. Provided with one or more flagella. 

1. Order Autoflagellata.—Without shell, protoplasm not especially 
vacuolated. 

(a) Without collar.—Monas, Cercomonas, Chlamydomonas, 
Huglena, Volvoz. 
(0) With collar.—Codosiga, Dinobryon. 

2. Order Dinoftagellata.—With shell composed of cellulose. Cera- 
tium. 

3. Order Cystoflagellata.— Without shell, protoplasm highly vacuo- 
lated, marine. Noctiluca, Leptodiscus. 

TV. Class Inrusor1a.—Provided with cilia or immovable processes. 

1. Order Ciliata.—Provided with cilia in adult stage. 

(a) Cilia of nearly uniform length all over the body (Holo- 
tricha). Paramecium, Colpoda, Colpidium, Chilodon, 
Opalina. 

(6) Cilia around anterior end of body longer than the rest 
(Heterotricha). Stentor. 

(©) Cilia limited to anterior end of body (Peritricha). Vorti- 
cella. 

(d) Cilia or sete only on ventral surface of the body (Hypo- 
tricha). Stylonychia. ; 

2. Order Suctoria.—With cilia only in the young stages, in the adult 
with immovable processes. Podophrya, Acineta. 
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CHAPTER III. 
SUBKINGDOM METAZOA. 


Tue Metazoa are equivalent to colonies of Protozoa, the 
individual cells of which have differentiated in various direc- 
tions, some being more especially contractile, others nutritive, 
others irritable, others reproductive, ete., instead of each one 
for itself performing equally all the functions necessary for 
existence. A physiological division of labor of a more or less 
perfect kind is introduced among the individuals composing 
the colony, and the welfare of each individual becomes de- 
pendent upon the proper performance by its colleagues of 
their special functions; in short, the individualities of the 
component cells are merged in the higher individuality of 
the whole organism. 

Physiologically a Metazoon is equivalent to a Protozoon, 
but morphologically it is the equivalent of a large number of 
them. Each is physiologically an individual, but morpholog- 
ically the Metazoon is a colony of Protozoan individuals. To 
harmonize the physiological and morphological conceptions 
of an individual it is necessary to recognize several grades 
of morphological individuality of which the cell may be as- 
sumed to be the lowest. In the Metazoa the physiological 
differentiations of the .cell-individuals are accompanied by 
structural differentiations, so that it is possible, as a rule, to 
determine from its structure what the function of a cell may 
be ; aggregates of similar cells are termed tissues or tissue-indi- 
viduals, and as the simplest Metazoa are complexes of various 
tissues, such a complex forms the third grade of individu- 
ality and may be termed an Organ-individual. A complex of 
organ-individuals united to form a physiological unit consti- 
tutes an individual of the third grade, the Metamere-individual, 
while the fourth grade, the Cormus, is formed by a similar 
union of a number of metameres, as, for instance, in the 
Earthworm, each joint or segment of which is a metamere. 
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It has been pointed out that the Flagellate Volvox presents 
a tendency towards a higher individuality, being somewhat 
higher than a mere colony of cell-individuals and yet not ~ 
quite reaching the dignity of an organ-individual; similarly 
intermediate conditions between the other grades may occur. 
In certain worms, for instance, considerable independence of 
the constituent metameres exists, any one of them, when de- 
tached, being capable of carrying on an independent exist- 
ence, and of developing into an organism similar to that of 
which it was originally a part. In the Earthworm the depend- 
ence of the various segments or metameres upon one another 
is greater than this, but in it, too, a certain amount of inde- 
pendence is shown by the power it possesses of regenerating 
lost metameres. In other cormi, as, for instance, in the 
Lobster, the interdependence of the component metameres 
proceeds still farther, and a differentiation of the various meta- 
meres occurs, a process carried to its greatest extent in the 
higher Vertebrates. A physiologica] division of labor among 
the metameres develops, some of them losing, for instance, 
their excretory organs, while in others these organs lose their 
excretory functions and serve as ducts by which the repro- 
ductive elements may pass to the exterior. The subordina- 
tion of the metameres proceeds most rapidly and is most 
complete at the anterior extremity of the organism, leading 
to the formation of a head bearing highly developed sense- 
organs and containing a complex nervous system, which rep- 
resents originally distinct metamere nervous systems, now 
fused and destitute of all independence. 

Sexual Reproduction in the Metazoa.—In cell-individuals it 
has been seen that fission is the most frequent and simplest 
mode of reproduction; in the Metazoa this method and its 
modification, budding, also occurs, but, as a rule, only in 
forms of a low grade of individuality or in a transition stage 
between a lower and a higher grade. In organ-individuals 
it is of frequent occurrence, the imperfect separation of the 
individuals so produced leading, in many cases, to the forma-— 
tion of colonies, and in cormi in which the integration of the 
constituent metameres is but slight it also occurs. 

In the Protozoa cell-division naturally entails reproduc- 
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tion, but in organ-individuals reproduction of the constitu- 
ent cell-individuals is not necessarily connected with the 
reproduction of the entire individual, but may simply increase 
the number of lower-grade individuals of which it is com- 
posed. Similarly multiplication of the organ-individuals of a 
metamere, or of the metamere-individuals of a cormus may 
occur without producing reproduction of the whole; it is 
simply growth. From growth to reproduction by budding 
the path is short, and various intermediate stages connecting 
the two processes can be found. Hence reproduction has been 
aptly defined as “discontinuous growth,” though perhaps it 
would be even more apt to define growth as reproduction with- 
out discontinuity, growth in a Metazoon depending on the 
reproduction of the lower-grade individuals of which it is 
composed. 


It is possible to carry this idea still farther back and refer the growth 
of a cell to the reproduction of the constituent elements, plasomes, of which, 
it may be imagined, it is composed. In the simplest cells the various 
forms of plasomes are distributed throughout the cell, but in the higher 
Protozoa, for instance, an aggregation of similar plasomes occurs, giving 
rise to such structures as the myophanes. In a similar manner in the 
lower Metazoa, although a division of labor and structural differentiation 
has taken place among the constituent cells, yet the cells possessing similar 
functions, as, for instance, the nerve-cells, are more or less irregularly 
scattered throughout the body, only becoming aggregated. in the higher 
forms into distinct tissues, and giving rise to the most perfect type of an 
organ-individual. Likewise in a metamere-individual a multiplication of 
the organs leads to a transition form with discretely arranged parts, the 
definite aggregation of which produces a cormus, composed in the simpler 
forms of distinct metameres, which become more and more integrated and 
subordinated to the individuality of the cormus in higher types of that 
grade of individual. 

According to this view the segmentation or metamerism of the higher 
Metazoa is the result of the multiplication and subsequent integration of 
the organ-individuals of an ancestral metamere-individual, and explains 
the occurrence of imperfect metamerism in certain forms of that grade of 
individuality (Turbellaria). Some authors have considered metamerism to 
have arisen by the reproduction by budding of an ancestral metamere, an 
idea which fails to explain satisfactorily the condition just referred to. 
The view presented here considers metamerism to be the result of growth. 
It has not arisen by the reproduction of the metamere, but by that of its 
organs, just as a typical organ-individual has arisen by the reproduction 
and integration of its constituent cell-individuals. 


44 INVERTEBRATE MORPHOLOGY. 


As a mode of reproduction in the Metazoa division plays 
but a secondary part, the sexual process being the character- 
istic method. Attention has already been called to the par- 
tial specialization in Volvox of reproductive cells which serve 
to perpetuate the species, the remaining cells of the colony 
perishing. This condition is a premonition of the more per- 
fect specialization found in the Metazoa of reproductive or germ 
cells and non-reproductive or somatic cells, the latter serving 
for the nutrition and protection of the germ-cells, to which 
the perpetuation of the species is entrusted. Comparatively 
early in the development of an individual certain cells differ- 
entiate from the others, not undergoing like them a physi 
ological and structural specialization, but retaining a general- 
ized character. These are the germ-cells usually grouped 
together to form the reproductive organs. 

In describing the methods of reproduction occurring in the 
Flagellata, the manner of the development of sexual repro- 
duction was indicated. It appears to have been originally a 
more or less accidental fusion of two similar cells or spores, 
and from being accidental this fusion gradually became the 
rule on account of the greater vitality which the conjugate in- 
dividual possessed over cells which did not conjugate. The 
next step was the differentiation of microspores and macro- 
spores, which reaches a high development in Volvox, where 
it is associated also with a differentiation into somatic and 
germ cells. In the Metazoa both these differentiations are 
carried to a higher degree, the macrospores being known 
as ova and the microspores as spermatozoa, while the agegre- 
gates of these cells are termed respectively ovaries and testes. 

In a young embryo a mass of germ-cells which is to give 
rise to spermatozoa cannot be distinguished from one which 
is destined to be converted into ova. Fundamentally both 
are the same, and occasionally a portion of a mass of germ- 
cells may be differentiated into ova, while the rest of it devel- 
ops into spermatozoa. This has not unfrequently been seen 
in fishes in which there is normally a separation of the sexual 
elements in distinct individuals, and throws considerable 
light upon the occurrence of forms which normally possess 
both elements. This condition of hermaphroditism, which oc- 
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curs in many parasitic forms and in certain sponges, Flat- 
worms, Mollusks, and Crustacea, seems to have been second- 
arily acquired. It is probable that the ancestral Metazoa 
were unisexual, possessing reproductive elements of only one 
kind, a supposition borne out by the frequent association of 
hermaphroditism with a parasitic or sessile mode of life, such 
conditions being what may be termed abnormal, and usually 
accompanied by marked structural characters which are to 
be regarded as secondary modifications. On the other haud, 
it is noticeable that the lowest free Metazoa (such as the free- 
swimming Cnidaria) are unisexual. 

An ovum is a single cell, and in its typical form consists 
of a mass of protoplasm containing a nucleus, and may or 
may not be surrounded by a membrane. 
Seldom, however, does such a simple ovum 
occur; usually more or less yolk, consisting 
of fatty and albuminous globules, is distrib- 
uted throughout the protoplasm, and fre- 
quently the amount of yolk far overbalances 
the amount of protoplasm. Other structures, 
such as albumen and one or more enveloping 
membranes, may be added, the ova of different 
species differing greatly in this respect. 
Among the lower forms the ova are usually 
extruded freely from the body of the parent, 
but in many of the higher Metazoa they are 
enclosed within protective cases (cocoons), as 
in the Earthworm, or imbedded in jelly-like 
masses, as in the common Pond-snails. 

In the ovary of a young individual all the Fie.20.—Ovarra. 
germ-cells are alike, and all are potentially TUBE or 4 Brx- 
reproductive cells; very frequently, however, ne wae 
many of the primitive germ-cells relinquish 9 — germinal re- 
their reproductive function and serve as pur- o=ova.  [gion. 
veyors of nutrition to certain of their com- 9 =mature ovum. 
rades which enlarge and become mature ova. % =yolk-eells. 

ae ee : a SF = follicle-cells. 
This is well seen in insects, in which each ovary 
(Fig. 20) consists of a number of tubes tapering to a point at 
one end, while at the other they open into a common duct, 
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the oviduct, leading to the exterior. At the tip of each tube 
the primitive germ-cells (Fig. 20, g) are located, and lower 
down ova (0) in various stages of development towards matu- 
rity are to be found, each surrounded by a number of small 
undeveloped germ-cells, known as follicle-cells (f), whose func- 
tion it is to transfer food-yolk (y) to the growing ovum. As 
the latter approaches maturity the follicle-cells secrete around 
it a thick, sometimes highly sculptured shell and finally 
degenerate. 

As arule, conjugation with a spermatozoon, ie. fertiliza- 
tion, is necessary as an antecedent to further development. 
Before this takes place, however, certain modifications of the 
ovum are necessary, the phenomena which accompany them 
being known as the maturation of the ovum. In this process 


» Fig. 21.—DIaGRAMS8 ILLUSTRATING THE MATURATION OF THE Ovum. 
A = formation of the first polar globule (pg). 
B = formation of the second polar globule and entrance of the sperm-nucleus 
(sp). 


(Hig. 21, A) the nucleus approaches the surface of the ovum 
and there undergoes a karyokinetic division which is peculiar 
in that in the equatorial-plate stage twice as many chromo- 
somes are formed as are typical for the species. These do not 
undergo longitudinal division, and by the karyokinesis their 
number is reduced to the typical number, a small cell, the 
polar globule (pg), being separated from the ovum with half 
the chromosomes, while the others are retained within the 
ovum. The nucleus of the ovum, instead of now returning 
to the resting stage, divides again (Fig. 21, B), a second polar 
globule being formed and receiving half the chromosomes 
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which remain, so that the nucleus of the ovum now possesses 
only half the number of chromosomes which are character- 
istic for the species. At the time of the formation of the 
second polar globule the first frequently divides without its 
nucleus passing into a resting stage, so that as the result of 
this maturation process four cells have been formed, three of 
which are small, while the third is relatively very large and 
will alone undergo further development. When these divi- 
sions have been completed and the chromosomes have been 
reduced to one-half their proper number the nucleus of the 
ovum passes into the resting stage, migrates back towards 
the centre of the ovum, and is ready for senjuganlgn with the 
nucleus of a spermatozoon. 

The spermatozoa are always much smaller than the ova, 
and are, as a rule, capable of active motion, though in certain 
Crustacea, for instance, they lack this power. The ova and 
spermatozoa have specialized in opposite directions in this 
respect. The ova of the Metazoa are specialized as the 
nutritive cells of conjugation, possessing abundant protoplasm 
and usually a considerable amount of yolk for the nutrition 
of the young embryo. They consequently have lost their 
motility, and in order that conjugation may be made prob- 
able the spermatozoa lack all unnecessary material which 
would interfere with their motility, no yolk being stored up 
and the protoplasm even being reduced to the smallest 
amount consistent with the development of a locomotor 
organ. The nuclei, as will be seen later, are essential ele- 
ments in conjugation, and the spermatozoa are to all intents 
locomotor nuclei, the ova supplying the protoplasmic nidus 
necessary for the growth and division of the nucleus formed — 
by conjugation. 

In their typical form spermatozoa are composed of a 
globular or pyriform head consisting of a nucleus surrounded 
by a small amount of protoplasm, and a long filamentous tail 
continuous with the protoplasm and frequently provided with 
a delicate fringe-like membrane (Fig. 22, F’). By the rapid 
whipping movements of the tail the organism is propelled 
through the water, or other fluid in which it may find itself, 
and so may come into contact with an ovum. 
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The transformation of the germ-cells present in an em 
bryo into spermatozoa is usually a somewhat complicated 
process. In the Round-worm Ascaris, in which it retains 
somewhat primitive characters, the process closely resem- 
bles what takes place during the maturation of the ovum. 


Fig. 22.—DIAGRAMS TO ILLUSTRATE THE MATURATION OF THE SPERM-CELL- 


A = division of the spermogone. 
B = division of the two spermocytes. 
C = the four spermatids. 
D, # = conversion of a spermatid into a spermatozoon. 
F = fully developed spermatozoon. 


The embryonic germ-cells (spermatogones, Fig. 22, A) undergo 
karyokinetic division, the number of chromosomes being, as 
in the ovum in the division which results in the formation of 
the first polar globule, twice that which is characteristic for 
the species. They do not undergo longitudinal division, and 
one half of them passes into one of the daughter cells (sper- 
matocytes) and the other half into the other, so that these two 
cells possess the number of chromosomes characteristic for 
the species. - A division of these daughter cells (Fig. 22, B) 
immediately takes place without a return to the resting stage, 
and unaccompanied by a longitudinal division of the chromo- 
somes, so that four cells (spermatids, Fig. 22, C) are formed, 
each of which contains only half the typical number of chro. 
mosomes, and each one of these cells becomes a spermato- 
zoon. This process is comparable step by step with the 


SUBKINGDOM METAZOA. 49 


maturation of the ovum and seems to indicate that the polar 
globules are to be regarded as abortive ova. 

The conversion of the spermatids into spermatozoa is 
simply a differentiation of structures already present. In 
the air-breathing Mollusca, for instance, the spermatids consist 
of a mass of cytoplasm containing a nucleus, in close proxim- 
ity to which may be found the centrosome, while an irregular 
mass of filaments represents the remains of the spindle-fila- 
ments. In the differentiation which follows (Fig. 22, D, E, 
and #’) the nucleus elongates and its chromatin-filaments 
fuse to form a homogeneous mass; the cytoplasm likewise 
elongates, and in it appears an axial filament which later will 
form the tail-filament. The origin of this filament is doubt- 
ful, some authors maintaining that it is a differentiation of 
the cytoplasm, while others believe it to be a prolongation of 
the nuclear substance; but, however that may be, the spiral 
fringe which surrounds the axial filament is certainly the 
remains of the cytoplasm of the spermatid. The remains of 
the spindle-filaments disappear, while the centrosome prob- 
ably persists as a structure lying behind the head and termed 
the “ Mittelstiick.” 


In some cases, as the insect Pyrrhocoris and the crustacean Diaptomus, 
the doubling of the chromosomes previous to division into spermatocytes 
does not take place. In Pyrrhocoris twenty-four chromosomes are typi- 
cally present and twelve of these pass into each of the spermatocytes, and 
in the division of these to form the spermatids each of the twelve chromo- 
somes divides so that each spermatid possesses half the typical number. 
In Diaptomus the same result is brought about somewhat differently. 
The spermatogones possess eight chromosomes which assume a dumbbell 
shape and divide transversely, so that each spermatocyte has the typical 
number of chromosomes; the spermatocytes divide without passing 
through a resting stage, and each spermatid thus contains four chromo- 
somes, i.e. half the typical number. 


Fertilization of the Ovum.—So soon as the formation of the 
polar globules has been completed, the nucleus of the ovum 
migrates towards the centre of the protoplasm and is the 
female pronucleus (Fig. 23, fp) of conjugation. The penetra- 
tion of the spermatozoon may occur at any portion of the sur- 
face of the ovum and may take place before, during (Fig. 21, 
B, sp), or after the formation of the polar globules, a single 
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spermatozoon, as a rule, in healthy ova, penetrating and tak- 
ing part in the conjugation, though apparently in some cases 
polyspermy, or the penetration of several spermatozoa, may 
occur. The head of the spermatozoon comes into contact 
with the protoplasm of the ovum, which in some cases rises 
up to meet it, and is rapidly engulfed. The tail likewise of 


Fic. 23.—Dr1aGRAMs TO ILLUSTRATE THE PHENOMENA OF FERTILIZATION. 


A, the approximation of the male and female nuclei. 

B, division of the centrosomes. 

C, rotation of the centrosomes. 

D, fusion of the centrosomes and nuclei, and formation of the segmentation 


spindle. 
ce = compound centrosome. oc = ovum centrosome. 
Jp = female nucleus. s¢ = sperm centrosome. 
mp = male nucleus. sn = segmentation nucleus. 


the spermatozoon is taken into the ovum and seems to be com- 
pletely absorbed, the head alone being visible in later stages ; 
it constitutes the male pronucleus (Fig. 23, mp) and moves 
towards the centre of the egg until it comes into contact with 
the female pronucleus, without, however, fusing with it. A 
spindle now makes its appearance, and the two pronuclei pass 
through the various karyokinetic stages, forming equatorial 
plates each with half the typical number of chromosomes, 
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which divide longitudinally in the usual manner, one half the 
chromosomes of each nucleus passing towards one of the cen- 
trosomes. The ovum then divides into two cells and the 
compound nucleus of each passes into the resting stage, the 
chromosomes now uniting to form a single chromatic net- 
work, 

It will be seen from this that the conjugation or fertiliza- 
tion process consists of the union of two distinct nuclei, whose 
complete fusion does not necessarily occur until after the first 
division or segmentation of the ovum. 

A conjugation of centrosomes to form those of the first 
segmentation-spindle also occurs. A centrosome accompanies 
each of the conjugating nuclei (Fig. 23, A), and before the 
formation of the spindle each divides into two (Fig. 23, B, oc 
and sc), which conjugate in pairs (Fig. 23, Cand D), forming 
the centrosomes of the spindle, each of which thus contains 
elements of both the original centrosomes. 

Furthermore, in some cases at least, it is possible to dis- 
tinguish the nuclear elements derived from the male and 
female pronuclei respectively in stages later than the first 
segmentation, owing to a slightly different behavior to certain 
staining reagents which characterizes them. The pronuclei 
undergo a morphological fusion during the first cleavage of 
the ovum, but a physiological differentiation persists. 

Segmentation and Eurly Development of the Ovum.—The 
development of the ovum into the embryo consists in its divi- 
gion into a number of cells, which gradually undergo a phy- 
siological and morphological differentiation resulting in the 
formation of tissues, organs, ete. These divisions constitute 
the segmentation of the ovum. 

The first division has already been described ; it bears a 
definite relation to the formation of the polar globules, the 
plane of the division passing through the point at which they 
were separated from the ovum. Considering this point to 
represent one pole of the ovum, the first division is meridio- 
nal, and the second division likewise, though its plane is at 
right angles to that of the first division (Fig. 24, A). The 
third division is, on the other hand, equatorial, its plane cutting 
the planes of previous divisions at right angles (Fig. 24, B). 
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Eight segmentation-cells are thus formed which remain in 
contact with each other and enclose a small cavity, the seg- 
mentation-cavity or blastocel. The further division of the 
cells (Fig. 24, C) results in the formation of an oval or spheri- 
cal organism (Fig. 24, Y”) which may be compared to Volvoz, 
consisting of a single layer of cells enclosing a more or less 
voluminous blastocel. ‘lhis embryonic stage is known as 
the blastula. In its simplest form it shows no special differ- 
entiation into tissues, its cells being uniformly ciliated, and 


Fig. 24 —DIAGRAMS ILLUSTRATING THE SEGMENTATION OF THE OVUM. 


A, four-celled stage. 
B, eight-celled stage of a telolecithal ovum. 
C, sixteen-celled stage. 
D, biastula. 
The arrows indicate the mode of division. 


the organism free-swimming, moving through the water with 
a rotatory movement about a definite axis, one and the same 
end of whichis always anterior. In many blastulas, however, 
especially in those which for one reason or another are not 
free-swimming, an early differentiation of the cells takes place, 
especially at the extremity which is posterior in the free- 
swimming forms or which corresponds to that pole in the 
non-motile embryos. These posterior cells are usually some- 
what larger than those at the anterior pole, and if much food- 
yolk is present in the embryo it is especially concentrated in 
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these cells, which in the later development will assume the 
vegetative functions of the organism. 


In many ova the processes just described are modified to a greater or 
less extent, but from the frequency of their occurrence they must be re- 
garded as fundamental and the modifications as secondary. 

Ova which contain but little yolk usually follow more or less closely 
the typical processes, but where the yolk is abundant, being an inert sub- 
stance, it acts as a drag upon the protoplasmic activity and produces modi- 
fication of the segmentation-processes. Two methods of arrangement of 
the yolk may be recognized: (a) it may be aggregated more or less com- 
pletely at one pole of the ovum, such ova being termed ¢elolecithal, or (b) 
it may be distributed in the meshes of a protoplasmic network, a small 
quantity of yolkless protoplasm being concentrated around the nucleus of 
the ovum, while another portion of it forms a thin peripheral layer sur- 
rounding the yolk, this arrangement being termed centrolecithal. 

In telolecithal ova the third segmentation-division results in the forma- 
tion of four cells containing very little yolk at one pole of the ovum, while 
nearly all the yolk is concentrated in the four cells at the other pole (Fig. 
24, B). This arrangement, which occurs in many Mollusca, constitutes 
what is termed a total irregular segmentation, in which, owing to the large 
size of the yolk-containing vegetative cells, the blastoccel is usually com- 
paratively small. Inthe Squids the amount of yolk present at the vegetative 
pole is very great and the protoplasm of the ovum collects upon its surface, 
there undergoing division and producing a plate of cells, the blastoderm, 
which by further division gradually extends and finally encloses the inert 
yolk. This partial segmentation is the result of the presence of a very 
large quantity of yolk and its telolecithal arrangement, and necessarily 
obscures greatly the blastula stage. 

In centrolecithal ova which occur in Crustacea and Insects, the division 
of the nucleus is accompanied by a division of the central yolkless proto- 
plasm only, the yolk-containing reticulum and the peripheral layer not tak- 
ing part in the process. As the divisions continue the nuclei gradually 
approach the surface and finally come to lie in the peripheral protoplasm, 
which then takes part in the division, a greater or less portion of the inert 
undivided yolk occupying the blastoccel of the resulting blastula. Many 
intermediate gradations occur between such a typical centrolecithal and a 
total regular segmentation, from which both the centrolecithal and telo- 
lecithal methods are to be derived. 


The blastula is a single layer of cells surrounding a large 
blastoccel in typical cases, and is a stage quickly passed over 
in the Metazoa. Itis succeeded by a stage in which the em- 
bryo consists of a double-walled sac open at one end, the gas- 
trula (Fig. 25). This is most frequently produced from the 
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blastula by the pushing in or invagination of the cells of one 
pole (the posterior in free-swimming blastulas) into the blas- 
toccel, which thus becomes more or less perfectly obliterated. 
The cavity lined by the invagi- 
nated cells is the primitive di- 
gestive tract or archenteron, its 
opening to the exterior being 
the gastrula-mouth or blastopore. 
The gastrula is a two-layered 
organism or is diploblastic, and 
the cell-layers of which it is 
composed are the primitive germ- 
layers. The outer layer in the 
higher Metazoa gives rise to the 
integument, nervous system, and 
sense-organs of the adult and 
is known as the ectoderm, while 
the inner one, from which the digestive tract and its glands, 
such as the liver, will develop, is termed the endoderm. 

Just as the presence of yolk in the ovum may modify the 
segmentation, so too it may produce decided modifications in 
the formation of the gastrula. The method just described, 
which occurs in embryos containing little food-yolk, is distin- 
guished as embolic from the epibolic method occurring in telo- 
lecithal ova which undergo a markedly irregular segmentation. 
In such ova, as has been stated, one pole is occupied by inert 
yolk-laden spherules, while at the other are almost yolkless 
active cells. These latter divide rapidly and extend as a cap 
over the yolk-laden cells and finally completely enclose them. 
The result is practically the same as in the embolic method, 
the yolk-laden endoderm cells being enclosed within the yolk- 
less ectoderm. 

Among the lower Metazoa especially, another method oc- 
curs by which the diploblastic embryo is formed. Instead of 
certain cells invaginating, each cell of the blastula divides in 
a plane parallel to the surface of the organism, one of the two 
cells thus produced becoming ectoderm, while the other is a 
portion of the endoderm. A diploblastic closed sac thus re- 
sults, the blastopore appearing later and placing the archen- 


Fig. 25.—DIAGRAM OF A GASTRULA. 
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teron, which in this case is identical with the blastoccel, in 
communication with the exterior. This process is known as 
delamination (Fig. 26, ). 

A third method also exists, occurring like delamination in 
its most typical form among the lower Metazoa. This is the 
immigration method (Fig. 26, B), certain cells of the blastula 
leaving their position at the surface and passing into the 
blastoccel. Here they undergo division, and, by the addition 
of other cells by immigration, the blastoccel gradually be- 
comes filled up and a solid organism, consisting of an exter- 
nal layer of cells surrounding a central more or less solid 


Fig. 26.—DiaGram ILLUSTRATING THE FORMATION OF THE DIPLOBLAS8TIC 
SvraGcEe (A) BY DELAMINATION, (B) BY IMMIGRATION. 


mass, results. This is known as the parenchymella or sterrula. 
Later a cavity appears in the centre of the solid mass, whose 
cells gradually are pushed towards the periphery, where they 
form eventually a single layer, the endoderm. Finally a blas- 
topore is formed and the embryo becomes a gastrula. 


It does not seem easy to bring the delamination and invagination 
methods of gastrulation into direct relation with each other, or to derive 
one from the other, but it is probable that both must be referred back to 
the immigration method. In typical cases of immigration the cells which 
migrate are situated irregularly at any part of the blastula, but frequently, 
especially in free-swimming blastulas, the migrating cells are all located at. 
the posterior extremity. If in such cases of polar immigration the migrat- 
ing cells were to pass into the blastoccel en masse instead of individually, 
invagination would result. On the other hand, if a considerable amount 
of yolk were present in all the cells of a blastula, it might happen that, in- 
stead of migrating, the cell might undergo division, cutting off the yolk- 
containing protoplasm from the yolkless, delamination thus taking place. 
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The fact that in some cases both immigration and delamination may occur 
simultaneously, leading to the formation of a sterrula, bears out the idea 
that the latter process has arisen from the former. 

Furthermore, it may be pointed out that the occurrence of immigration 
in such colonial Flagellates as Volvoaw indicates the primitive character of 
immigration in the Metazoan blastulas, as well as the manner in which 
diploblastic organisms have arisen from the more primitive single-layered 
organisms. 


It is only in the lowest Metazoa, however, that the adult 
organism is diploblastic. In all others a triploblastice (Fig. 


Fie. 27.—DIAGRAMMATIC TRANSVERSE SECTION OF AN EARTHWORM TO 
SHOW THE TRIPLOBLASTIC CONDITION. 


bm = basement membrane. en = endoderm. 
C = celom. sm = somatic mesoderm. 
dm =: dorsal mesentery. spm = splanchnic mesoderm. 


ec = ectoderm. vm = ventral mesentery. 


27) condition supervenes during embryonic life, by the devel- 
opment of a third layer, primitively separated from the endo- 
derm, and occupying the space which may remain between 
the two primitive layers. This is the secondary germ-layer 
or mesoderm. From it there arise the muscular, excretory, 
circulatory, and reproductive systems in the triploblastic ani- 
mals, the first and last of these being derived in diploblastic 
forms from either one or both of the primary layers, while 
the excretory and circulatory systems are not differentiated. 
The manner of formation of the mesoderm in the embryo 
varies greatly. In some cases it arises as bilateral pouch-like 
outgrowths of the archenteron, which later form closed sacks 
completely surrounding the digestive tract, the sack of either 
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side coming into contact above and below, the united walls 
forming the dorsal and ventral mesenteries which suspend the 
intestine (Fig. 27, am and bm). That wall of each sack which 
surrounds the digestive tract is termed the splanchnic layer of 
the mesoderm (Fig. 27, spm), while that lying immediately 
below the ectoderm is the somatic layer (sm), and the enclosed 
cavity is the celom (C) or body-cavity. In other cases the 
protoplasm destined to give rise to the mesoderm segregates 
into a small number of cells, or sometimes even into a single 
cell, at an early period of the development, frequently while 
the embryo is still in what may be considered the blastula 
stage. These cells, known as mesoblasts, give rise by repeated 
division in one direction, and by the subsequent division of 
the daughter cells so formed, to bands of mesodermic tissue 
extending along the ventral surface of the embryo (see Fig. 
105), and later growing dorsally so as to enclose the diges- 
tive tract. The coelom forms by the hollowing out of the 
mesodermic bands, and when fully developed presents the 
game appearance as in the former case. 

In many animals, such as some Turbellarian worms, a 
well-developed ccelom is not present, the only traces of it 
being minute scattered cavities in a mass of mesodermic tissue 
which fills up the space between the endoderm and ectoderm. 
A strict demarcation of this form of ccoelom (schizocel) from 
the other variety (enterocel) does not, however, exist, grada- 
tions occurring in various groups of animals and both varie- 
ties sometimes being coexistent in the same form, as for 
instance in bivalve Mollusca, where the pericardial cavity is 
to be regarded as an enteroccel, while the spaces existing else- 
where in the mesoderm are schizoceels. 

If the conditions which exist in the lowest triploblastic animals known 
to us, the Turbellarian worms, throw any light upon the origin of the meso- 
derm, it would seem that primitively it was a solid tissue, not completely 
marked off from the endoderm, and that any ccelom that it contained was 
of the nature of aschizocel. From this condition it became more and 
more differentiated from the endoderm proper, and either tended to appear 
as a separate germ-layer at an early stage of development in the form of 
the mesoblasts, or was delayed in its development until after the formation 
of the primitive digestive tract, from which it then separated in the meso- 
dermic pouches. According to this view the mesoderm is a secondary 
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derivative of the endoderm, and the endoderm of the diploblastic organ- 
isms is equivalent to the endoderm plus mesoderm of the triploblastic 
forms. The apparent derivation of the mesoderm from the ectoderm in 
some of the latter (e.g. Annelida) is to be regarded as resulting from the 
precocious segregation of the mesoderm at an early period of development 
and is not to be regarded as indicating its original derivation. 


Non-sexual Reproduction in the Metazoa.—Reproduction by 
division and by budding, though playing by no means so im- 
portant a part as in the Protozoa, is neverthe- 
less of frequent occurrence in the Metazoa, 
especially in certain groups. In certain Tur- 
bellarian worms (Microstoma) division is the 
usual mode of reproduction, replacing almost 
completely the sexual method, and, the indi- 
viduals so produced remaining in connection 
with one another, longitudinal chains are 
produced, consisting of individuals in various 
degrees of separation (Fig. 28). In certain 
Annelids also (Naidide) division frequently 
takes place, occasionally each metamere being 
capable of developing into a new animal, as in 
Ctenodrilus. 

Budding, however, is a rather more fre- 
quent method and is characteristic of certain 
groups, such as the Hydroids, Anthozoa, and 
Fie. 28.—Dra- Bryozoa. In some cases, as in Hydra and 
saa aurrin ey some meduse, the buds separate from the 
pRopuction or parent and lead an independent existence ; 
aTursetLartran but frequently the separation is not complete, 
Worm Microsto- resulting in the formation of colonies the 
a as sai individual components of which are in or- 

ganic connection with each other. In such 
colonies a physiological division of labor among the con- 
stituent individuals may take place, as in the Hydroid 
HHydractinia (see p. 87) where some of the individuals devote 
themselves to the nutrition of the colony, others to its 
reproduction, and others again to the protection of their 
weaker companions. The assemblages produced by bud- 
ding may assume very complicated shapes, though ocea- 
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sionally linear colonies are formed which are with difficulty 
to be distinguished from those formed by division. Indeed 
a definite distinction between budding and division is not 
possible, though where an alternation of older and younger 
individuals occurs in a linear colony division is indicated, 
while in one produced by budding there is a regular succes- 
sion of gradually older individuals from before backwards. 

Closely related to budding is the power of regeneration. 
of parts. The higher Crustacea possess an extraordinary 
power of regenerating lost limbs, and provision is present in 
crabs and the lobster for the self-amputation of a limb when 
such a mutilation seems,to be demanded by the exigencies 
of the situation. In the lower forms, however, the extent to 
which such regeneration may be carried is much greater, ex- 
tending even to the reproduction of the whole by a compara- 
tively small part. A Starfish is not only able to regenerate 
an arm which has been accidentally lost, but from an arm and 
a portion of the disk all the missing parts may be developed ; 
and Hydra or a Sponge may be divided into a large number 
of pieces each of which is capable of developing into an entire 
animal. Such phenomena, as well as budding and division, 
depend either upon a low degree of differentiation of the 
tissues, as in such a form as a Sponge or in Hydra, or else to 
the persistence of a certain amount of tissue in an embryonic 
or undifferentiated condition. In a Bryozoan bud, for in- 
stance, as its tissues gradually differentiate into the adult 
condition, a number of cells lag behind and do not take part 
in the differentiation, and later give rise to a new bud; and 
similarly in the Annelid worms the tissues of a regenerating 
part show an appearance and mode of differentiation similar 
to what they present in the development from the ovum. 
Conversely, the greater the degree of differentiation and in- 
tegration of the tissues and organs of an animal the less 
is the power of regenerating lost parts or of reproducing by 
budding. 

As a general rule ova are incapable of developing into the 
adult form unless fertilized by a spermatozoon. In a number 
of forms, however, a development of unfertilized ova occurs 
constituting a mode of reproduction known as_ partheno- 
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genesis. Examples of this phenomenon are to be met with in 
Insects, a familiar one being the common Hive Bee, the 
queens of which species deposit large numbers of eggs, 
those last deposited, which give rise to drones, being unfer- 
tilized and developing parthenogenetically. In certain flies 
(Cecidomyia) this parthenogenetic development of the ova 
may occur while the insect is still in the larval or maggot 
stage, a phenomenon which is known as peedogenesis (Fig. 29). 
Alternation of Generations.—The majority of forms which 
possess the power of non-sexual reproduction also repro- 
duce by the sexual method, no definite relation 
existing, however, between the two processes. 
In some cases, however, a definite relation is 
established, the one method succeeding the 
other with rhythmic regularity, the individuals 
also which reproduce sexually differing materi- 
ally in form and organization from those which 
gave rise to them by a non-sexual method; 
such a condition of affairs is termed Alter- 
nation of Generations, a generation of in- 
dividuals reproducing only by a non-sexual 
method alternating with a second generation 
reproducing exclusively or almost so in the 
sexual manner. Typical examples of this 
process are afforded by the Discomeduse, 
in many of which the individual produced 
by the development of the ovum is a fixed, 
Fig. 29. — Pmpo. cylindrical organism of simple structure, known 
GENETIC Cecido- 88 a polyp, possessing the power of non-sexual 
myia LARVA (after reproduction (see Fig. 55). By a series of 
apeetslias rom transverse divisions it gives rise to a linear 
colony of individuals which in the course of 
development assume a form very different from that of the 
parent polyp, becoming more complicated in structure, more 
highly organized, and free-swimming. These organisins, 
known as Meduse, are the sexual generation, producing sper- 
matozoa and ova, the latter after fertilization developing a 
non-sexual generation, a polyp, with which the cycle begins 
again. 
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Schematically such an arrangement may be represented thus, A repre- 
senting the non-sexual and B the sexual generation : 


B—A, ete. 

A // B—A, etc. 
\ B—A, ete. 
B—A, ete. 


Among the Hydromeduse, in which group alternation of generations 
likewise occurs, the process is usually complicated by a number of non- 
sexual generations succeeding one another before the intervention of the 
Medusa, thus : 


oe, 
Ad. SA B=A, ete 
Se Al = 8 = A, ate 
Ca" 


And in some cases the succession is still further complicated by non-sexual 
reproduction on the part of the medusa, thus : 


A, ete 
ACh 2B = A, et 
& = A, ete. 
1» _ p/B! =A’ ete 
Nadas = ri = A’ ete 
A, ete. 


But such complications do not interfere with the general alternation 
which invariably occurs in such forms before the completion of the repro- 
ductive cycle. 


Such a phenomenon as this where a true non-sexual gen- 
eration alternates with a sexual one presenting a different 
structure is usually distinguished as metagenesis from another 
form of alternation of generations known as heterogony, in 
which the first generation reproduces parthenogenetically, 
giving rise to a second generation differing in form from the 
first and reproducing by the sexual method. Typical exam- 
ples of this process are to be found among the Trematode 
worms (q.v.), where the sexual worm gives rise to a sporocyst 
in the interior of which ova, developing parthenogenetically, 
give rise to a larva which later on transforms to the adult 
worm. In a less perfect form heterogony occurs in many 
lower Crustacea (Daphnia), which throughout the warmer 
portion of the year produce “summer eggs”’ which develop 
parthenogenetically, male animals appearing only for a short 
period in the autumn, as a rule, when the females produce 
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“winter eggs” which develop after fertilization. Here no 
difference of form exists between the two generations, but 
such cases, as well as those in which two sexual generations 
unlike in form and habitat alternate with each other, are 
usually associated with the more typical examples as in- 
stances of heterogony. 
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CHAPTER IV. 
fRICHOPLAX, THE DICYEMIDA AND ORTHONECTIDA, 


BEFORE passing on to a description of the first type of 
Metazoa, it will be necessary to consider a few forms which 
can hardly be assigned to it and yet present too great a dif- 
ferentiation of their component cells to warrant their reference 
to the Protozoa. A third subkingdom, the Mesozou, has been 
proposed for them, but until more is known of the relatious 
of some of them at least to other forms the establishment of 
such a subkingdom seems inadvisable. 


Trichoplax adhcerens. 


Fie. 80.—A, SuRFAcE VIEW AND B TRANSVERSE SECTION THROUGH Tricho- 
plax (after ScHULZE). 
b = botryoidal structure. 7” = refractive bodies. 


In the marine aquaria at Gratz, Vienna, and Berlin there 
has been found a small organism (Fig. 30, 4) measuring from 
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1.5 to4mm., but capable of great alteration of form. It is’ 
flattened, and creeps about upon the walls of the aquaria in 
an amoeboid manner. It consists, however, of numerous cells 
(Fig. 30, 2), the upper surface being covered by a flattened 
ciliated epithelium, and the lower formed by a layer of 
columnar cells also ciliated, while the space between the two 
_ surfaces is occupied by a network of branching cells, the 
branches appearing to unite with those of adjacent cells and 
with prolongations from both the upper and the lower epithe. | 
lium. The arrangement suggests the three germ-layers ecto- 
derm, endoderm, and mesoderm, but until more is known con- 
cerning the reproductive processes such an homology is 
unwarranted. At present the organism is only known to re- 
produce by division, and no structures have been discovered 
which may be identified as ova or spermatozoa. Beneath the 
upper epithelium, imbedded in the cells of the middle tissue, 
large refractive spheres (Fig. 30, B, r) and yellowish-green 
botryoidal masses (>) occur, but they have apparently no con- 
nection with reproduction. 


THe DIcyEMIDz. 


The Dicyemide are elongated vermiform organisms which 
are parasitic in the renal organs of the Cephalopods. The 
various species of Dicyema (Fig. 31) vary in length from 
0.5-7 mm. and are all very simple in structure, consisting of 
a single elongated central cell (Fig. 31, C’) extending from one 
end of the body to the other and covered by a number of 
ciliated cells arranged in a single layer. Some of these, situ- 
ated at one end of the body, are smaller than the others and 
mark off the anterior extremity ; there is no mouth or diges- 
tive tract and no sense-organs. 

Reproduction is carried on by the development of germ- 
cells (g) produced by the division of the nucleus of the central 
cell and the concentration around the nuclei so produced of a 
portion of its protoplasm. The development of these germ- 
cells is apparently parthenogenetic and no male Dicyema is as 
yet known. In young individuals the germ-cells segment in 
the interior of the central cell and give rise to “vermiform ” 
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embryos (Fig. 31, V) similar to and developing directly into the 
adult form. Another form of embryo is, however, produced 
by older individuals, its formation being 
accompanied by a peculiar behavior of the 
germ-cells. The nucleus of each one first 
divides into two unequal parts, the smaller 
part separating as a paranucleus and under- 
going no further development. The germ- 
cell now segments, and an embryo (Fig. 
31, e) consisting of a single large cell 
partially surrounded by smaller cells re- 
sults. The smaller cells are now thrown 
off and separate somewhat from each other, 
and the larger cell repeats the segmentation- 
process, the smaller cells being again thrown 
off; and this may happen three or four 
times, the result being the production of 
three or four concentric layers of small 
cells surrounding a single larger one, all 
lying in the central cell of the parent. The 
large cell undergoes no further develop- 
ment, but the smaller ones, except those _ 
of the last generation, develop into “infu- 
soriform” embryos of a peculiar and com- 
plicated structure. The cells of the last ea 
generation develop into “vermiform” em- yg, 31.—Dicyema tie 
bryos similar to those found in young pus (combined from 
Dicyemids. several figures by 
WHITMAN). 
The fate of the “infusoriform ” embryos ¢ = central cell. 

has not been determined. Since they are ¢ = embryos. 
ciliated it seems not improbable that they 7 = ser™-cells. 

é j 7 : 1 = nucleus of central 
serve for the dissemination of the species walt: 
and its transference from one Cephalopod p= vermiform em- 
host to another. It has, however, been bryo. 
suggested that they may develop into males. 


THE ORTHONECTIDA. 


The Orthonectids are parasitic on Echinoderms and 
Nemertean worms and resemble in structure the Dicyemids, 
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the ectoderm consisting of a number of ciliated cells arranged 
in a single layer and enclosing a mass of germ-cells which 
correspond to the central cell of Dicyema. Between the germ- 
cells and the ectoderm fine nucleated fibres occur which are 
presumably muscular. 

Three forms of individual are known to occur in the genus 
Rhopalura, one being a male, and the other two females. 


B 


Fig. 82.—Rhopalura Giardti (after Juutn). 
A, male; B, round female; Q, flat female. 


The male (Fig. 32, A) is about half the size of the females, 
which measure about 0.25 mm. in length, and presents a met- 
americ arrangement of the ectoderm which does not extend to 
the internal cells. The cells of the anterior segment have 
their cilia directed anteriorly, and are succeeded by a segment 
consisting of several rows of small non-ciliated cells each 
containing a refractive body, and behind this there follow three 
or four segments formed of cells provided with cilia directed 
backwards. One of the female forms (Fig. 32, B) is elon. 
gated, and is segmented like the male except that the segments 
are more numerous and the second non-ciliated segment con- 
sists of a single row of cells destitute of refractive bodies, 
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The other female (Fig. 32, C) is, on the contrary, ovoid, flat- 
tened, and unsegmented, being ciliated all over; it differs 
furthermore from the elongated female in possessing on one 
side near the anterior extremity a granular mass containing a 
large nucleus whose significance is entirely problematical. 

Associated with the difference of form of the two females 
there is a difference of function. In the elongated form when 
the ova are mature the anterior two segments split off asa 
cap and allow the ova to escape, and, on fertilization, these 
give rise to males. In the ovoid form, however, the ova are 
imbedded in a gelatinous mass, and are liberated by the 
breaking up of the parent into a number of fragments; from 
the ova females of both forms develop. 


The systematic position and affinities of the Dicyemide and Orthonec- 
tide is a matter of uncertainty. They have been held by some authors to 
possess affinities with the Gregarinida and by others to be degenerate flat 
worms, while others have sought to trace resemblances to the Rotifers. 
The granular mass with the large nucleus which occurs in the ovoid 
Rhopalura has been supposed to represent a rudiment of a digestive tract, 
while the superficial metamerism of the male and elongate female of the 
Orthonectida may possibly point to a derivation from more highly organ- 
ized ancestral forms. There can be but little doubt that the Dicyemide and 
Orthonectida are closely related, but at present sufficient evidence is want- 
ing to warrant any definite conclusions as to their relationships to other 
forms. 
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CHAPTER V. 
TYPE C@LENTERA. 


The Coelentera include the diploblastic Metazoa, only 
two germ-layers, the ectoderm and endoderm, being repre- 
sented in their organization (Fig. 33). Between these two 

layers, however, a third (Fig. 33, mq) 
/ is invariably present, which in its 
primitive condition is not cellular, but 
consists of a gelatinous or fibrous sub- 
stance secreted by one of the two 
cellular layers. Usually, however, 
_ cells from the endoderm or ectoderm 
wander into it, and sometimes are so 
H. numerous as to give it the appearance 
d of a cellular layer. Even in such 
| cases, however, the gelatinous matrix 
on is the fundamental substance of the 
Fie. 83.—Diacram or Hy- layer, which it seems preferable to 
dra TO SHOW THE GEN- teym the mesoglea, rather than to imply 
ERAL STRUCTURE OF a : 
an homology which does not exist by 


CamLENTERATE. : / 
de = ectoderin: designating it the mesoderm. 
en = endoderm. In consequence of the absence 


mg = mesoglea. of the mesoderm the Ccelenterates 


present in the interior only a single cavity. Consequently 
it may be said that the coelom is not represented in the 
Celentera, though their central cavity is usually regarded 
as equivalent to both ccelom and enteron of the higher 
forms. The so-called endoderm, however, seems to be homol- 
ogous with their mesoderm plus endoderm, and may be more 
accurately termed the mes-endoderm, and it seems preferable 
to regard the coelom as not yet differentiated. 

Another feature which obtains throughout the group is 
the radiate ground-form. In many but one axis can be de- 
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termined, and in the Sponges the form may become so irregu- 
lar that thay may be considered to be destitute of axes. In 
such forms as the Meduse, however, a typical radiate form 
occurs, there being two or more similar axes at right angles 
to the vertical one, and throughout the higher members of 
the group this radiate symmetry is more or less apparent, 
though it becomes decidedly obscured in certain Anthozoa by 
a pronounced tendency towards bilaterality, which in a few 
forms (Cerianthide) actually replaces it. 

In correspondence with their low grade of general struc- 
ture there is uo very extensive differentiation of tissues. A 
considerable degree of division of labor of course occurs 
among the cells, and cells having the same function may be 
aggregated together so as to form a somewhat definite tissue, 
as in the case of the nerve, muscle, and reproductive cells, but 
even in these tissues there seems to be a considerable amount 
of individuality retained by the constituent cells, and the tis- 
sues can only be regarded as exceedingly diffuse. Of organs, 
except in some colonial forms with division of labor among 
the constituent individuals, it is hardly correct to speak, the 
Colenterates not having progressed beyond the organ stage 
of individuality. 

The type Celentera may be divided into two subtypes, 
the Porifera, or Sponges, and the Cnidaria. 


I. Susryre Porifera. 


The Sponges, on account of their fixed life and irregular 
form, were long regarded as plants, and it is only within com- 
paratively recent times that their true relationships have been 
ascertained. They are almost exclusively marine in habitat, 
occurring in large numbers in the warmer seas, and inhabit 
the ocean depths as well as the shallower waters. A few 
genera, e.g. Spongilla, Ephyatia, represented by numerous 
species, are inhabitants of fresh water. 

The simplest Sponges (Fig. 34) have the form of a hollow 
cylinder fixed at one end, while at the other is an opening, 
the osculum, and scattered over the surface of the cylinder 
are a number of smaller openings, the pores. Through these 
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water passes into the central cavity, the ccelenteron, and 
escapes by the osculum. The exterior of the body is covered 
by a layer of flat cells, the ectoderm, and the cclenteron is 
lined by collared cells provided with a single flagellum and 
resembling greatly Autoflagellata belonging to the genus 
Codosiga. These cells constitute the endoderm, and between 


Fie. 84.—An Ascon Fria. 35.—DtacRaM TO sHOW THE GENERAL 


SPONGE, Ascetia pri- STRUCTURE OF A Sycon SPONGE. 
mordiatis (after Has- The upper portion represents the simplest con- 
cxEL from Sous). dition, the complexity increasing downwards. 
ce = ciliated chamber. tc = inhalent canal. 
Os = osculum. p = inhalent pore. 


pr = prosopyle. 


it and the ectoderm is the mesoglcea, in which are imbedded 
large numbers of cells, giving it almost the appearance of a 
cellular layer. 

In such simple Sponges the mesoglea is comparatively 
thin and the pores open almost directly into the ccelenteron 
lined by the collared cells. This arrangement constitutes the 
first or Ascon type of structure. In the majority of forms a 
much greater complexity arises from the walls of the simple 
cylinder being, as it were, drawn out into a number of finger- 
like processes, each of which communicates by a wide open- 
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ing with the cavity of the original cylinder (Fig. 35). The 
cells lining the central cavity become flattened, the collared 
cells being found only in the interior of the secondary cylin- 
ders which radiate from the central chamber (cc). Pores, 
termed prosopyles (pr), occur in the walls of the secondary 
cylinders, which are closed at their free ends. Through these 
prosopyles water passes into the interior of the radiating cyl- 
inders, thence into the central cavity and so to the exterior 
by the osculum. Further complication occurs by the walls 
of the radiating cylinders coming in contact with each other 
and fusing in a more or less irregular manner, the space be- 
tween the various cylinders being thus divided into a series 
of more or less well-defined inhalent canals (ic) into which the 
water passes through pores (p) which lie, morphologically, be- 
tween the extremities of the radiating cylinders. The cavities 
of these cylinders now form the ciliated chambers, and Sponges 
in which they possess the cylindrical form are said to belong 
to the Sycon type. The annexed diagram (Fig. 35) illustrates 
the different stages of complexity met with in Sycon Sponges. 

The next complication consists of the branching of the 
ciliated chambers, though they still retain a cylindrical shape, 
and their separation from the central cavity by a tract lined 
with flattened cells (Fig. 36, A); and finally the collared 
cells become limited to a portion of the radial chambers, 
the ciliated canals thus becoming circular in shape and united 
with the central chamber by long and rather slender canals 
lined with flattened cells (Fig. 36, B).’ This constitutes what 
is termed the Leucon type of structure. In- this type the 
pores upon the surface of the Sponge frequently do not open 
directly into the canals leading to the ciliated chambers, 
but into a wide lacunar cavity, the subdermal space, lying be- 
low the cortical layers of the sponge, and with this the canals 
communicate. 

To these complications of arrangement further complexity 
is added by the occurrence in many Sponges of what maybe 
considered budding, in some cases leading to the formation 
of definite branches, or in others producing only a number 
of oscula, each, however, with its own canal system. 

The general characteristics of the ectoderm and endoderm 
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have been indicated in the preceding description of the canal 
systems ; the mesoglea requires, however, further notice. It 
consists of a gelatinous matrix which, however, contains large 
numbers of cells presenting a considerable amount of dif- 
ferentiation. Some are ameeboid in form, others contain pig- 
ment, others again are elongated aud spindle-shaped, forming 
the contractile cells, others form the reproductive elements, 
ova and spermatozoa, while others again are skeletogenous 
in function, well-developed skeletal structures being present 


Fic. 36.—Two Figures sHoOwING DIFFERENCES IN THE COMPLEXITY OF 
STRUCTURE OF A LEucON SPONGE. 
A. Leucitlla ater (after Denpy); B. Oscarella lobularis (after Scaut.zE). 
cc = ciliated chamber. p = inhalent pore. sp = spicule. 


in almost all Sponges. In some forms the skeleton presents 
the form of siliceous spicules either of a simple needle-like 
form, or presenting modifications of a four- or six-rayed 
ground-form, or finally assuming the form of hooks, auchors, 
or spiny spheres. In another group there is, associated usu- 
ally with needle-like siliceous spicules, a network of a horny 
material termed spongiolin which forms a supportive scaffold- 
ing for the soft parts of the Sponge, and lastly, in another . 
group the spicules are composed of carbonate of lime and 
present a variety of forms (Fig. 36, A). 
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Nerve-cells have also been described, though a definite 
nervous system cannot be said to exist. Elongated retractile 
processes have been observed projecting from the surface of 
certain sponges, and at the base of each is a group of stellate 
cells each of which sends along slender prolongation into 
the process. To these cells a nervous function has been at- 
tributed and the processes have been considered sensory ; 
with the exception of these structures, however, no sense- 
organs or nerve-elements have been yet observed. 

The Sponges may be arranged according to the nature of 
their skeleton, in four orders. 


1. Order Calcarea. 


In the Calcarea the skeleton is always present and is 
formed of spicules consisting of carbonate of lime. The 
group contains forms of various complexity of structure, from 
the simple cylindrical Zeucosolenia constructed upon the 
Ascon type through Sycon forms such as Grantia to repre- 
sentatives of the third and fourth types. Indeed it is only in 
this group that the Ascon and Sycon types of structure are 
found. All the known species are marine and live at only — 
slight depths. 


2. Order Cornacuspongie. 


The skeleton of the Cornacuspongie consists either of 
siliceous, needle-like spicules, frequently more or less united 
by spongiolin, or else entirely of a network of fibres com- 
posed of the latter substance. Like the Calcarea they are 
inhabitants of shallow water and are for the most part marine, 
though some forms (Spongilla, Fig. 37, Ephydatia) live in fresh 
water. These fresh-water forms are of a green color due to 
chlorophyll, the presence of this pigment being supposed by 
some observers to depend on numerous unicellular ale liv- 
ing in the substance of the Sponges. To this group belongs 
also the Sponge of commerce (Huspongia), whose value de- 
pends upon the entire absence of siliceous spicules, and 
which is found in the shallow waters of the eastern portion 
of the Mediterranean, in the Red Sea, and in the Western 
Hemisphere in the waters surrounding the Bahama Islands. 
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3. Order Spiculispongie. 


The skeleton in the Spiculispongie is occasionally entirely 
wanting, as in the genus J/alisarca, but usually consists of 
siliceous spicules usually tetraxial or rod- or club-shaped, 
sometimes interlocking with one another so as to form a firm 


Fic. 37.—A sMALL Spongilla WITH ONLY A SINGLE OsCULUM (from HvuxLEY). 


@ = inhalent pore. c = Ciliated chamber seen through 
d = osculum. the tissues. 


skeleton. One of the members of the group is the “ boring 
sponge,” Cliona, which excavates channels in and assists in 
the disintegration of oyster-shells, frequently attacking the 
shells of living animals and contributing to their destruction. 


4. Order Hyalospongie, 


The Hyalospongie are essentially deep-sea forms, and are 
characterized by the possession of six-rayed siliceous spicules 
as skeletal elements. The spicules may become fused _to- 
gether to form a firm siliceous network having the appear- 
ance of spun glass, as in the genus Huplectella, commouly 
known as Venus’ Flower-basket. 

Reproduction of the Porifera.—Sexual reproduction occurs 
probably throughout the entire group of the Sponges, the re- 
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productive elements, ova and spermatozoa, differentiating 
from mesoglceal cells. Many Sponges are hermaphrodite, the 
spermatozoa developing usually somewhat in advance of the 
ova, but some forms seem to have separate sexes. The ova 
are fertilized while still within the tissues of the parent and 
undergo a portion of their development there, later breaking 
through into a canal and so passing to the exterior as a cili- 
ated free-swimming structure. The segmentation of the 
ovum in typical cases results in the formation of a blastula, 
which becomes converted into a solid ciliated sterrula by 
immigration. After swimming about for a time the sterrula 
loses its cilia and settles down, a cavity appearing in its in- 
terior, which later, in forms which possess ciliated chambers, 
gives rise to these structures as a series of pouches in connec- 
tion with which canals arise. The pores and the osculum 
finally break through, invaginations from the exterior giving 
rise to the former. 

In some forms, however, the blastula stage undergoes 
invagination, usually of a rather peculiar form, in which case 
a gastrula results instead of a sterrula. The gastrula settles 
down and becomes fixed by the pole at which the blastopore 
occurs, the further development being similar to that found 
in the immigration types. 

In addition to the sexual method most Sponges also pos- 
sess the power of non-sexual reproduction, dependent on their 
capabilities for regeneration. A detached portion of a Sponge 
will, under favorable conditions, regenerate into a new indi- 
vidual, and this power has been applied to the artificial re- 
production of the commercial Sponges. In some forms in 
addition to this a process of internal budding occurs, a num- 
ber of the mesogleal cells aggregating together and develop- 
ing into an oval, ciliated, sterrula-like structure which, leaving 
the parent, develops into an adult Sponge (Hspereila). In the 
fresh-water Spongilla this process is carried to the greatest 
extent, and towards the approach of winter in temperate 
latitudes completely replaces the sexual method. The in- 
ternal buds of Spongilla are known as gemmules and are 
especially adapted for tiding the species over unfavorable 
conditions, such as cold or dryness, which the vegetative in- 
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dividual cannot withstand. They are spherical bodies con- 
sisting of a mass of cells richly laden with food-matter, and 
enclosed in a double chitinous wall, with an opening at one 
point, a number of siliceous spicules, in the allied genus 
Ephydatia of a very characteristic form and known as amphi- 
discs, being arranged between the two layers of the wall. On 
the approach of cold weather the Sponge dies down and the 
gemmules thus fall to the bottom of the ponds or streams, 
where they remain unchanged until the approach of warmer 
weather, when the internal cellular mass flows out through 
the pore (which is closed only by a thin membrane) and de- 
velops into a new Spongilla. 

The relationships of the Sponges have long been a matter of discussion. 
For a long time they were regarded as plants and later as colonies of , Pro- 
tozoa, but the discovery of sexual reproduction in them and of their mode 
of development demonstrated that they were to be considered Metazoa. 
At present the question as to whether they are to be associated with the 
Cnidaria among the Ccelenterates or regarded as a distinct type is still 
open, though the weight of evidence and authority is in favor of their 
Coelenterate character. Such simple forms as Leucosolenia certainly point 
in that direction, and, if the occurrence of a sterrula formed by immigra- 
tion prove the typical mode of development, the embryology of the Sponges 
presents stages up to the formation of the ciliated chambers which are 
step by step comparable to what occurs in the Cnidaria. 


II. Suprype Cnidaria. 


The Cnidaria, like the Sponges, have in their simplest 
forms the general form of a hollow cylinder open at one end . 
and consisting of but two cellular layers, the ectoderm and 
endoderm, between which is interposed a fibrous or gelatinous 
mesoglea which may or may not contain cells. Differences 
from the Sponges are found in the occurrence, except in one 
or two forms, of a number of elongated, contractile processes 
or tentacles around the mouth of the cylinder (see Fig. 33), 
and in the absence of inhalent pores upon its surface. Such 
simple forms are known as polyps, and they are usually 
attached organisms with little or no power of locomotion. A 
large number of Cnidaria present a very different form, how- 
ever, being disk- or bell-shaped, a process comparable to the 
clapper of a bell hanging down from the centre and hay- 
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ing at its extremity the mouth-opening. This leads into 
a central cavity, the ccelenteron, lying in the substance of 
the bell, and from this pouches or fine canals radiate out 
towards the rim, where, in some cases, they are united by a 
circular canal which runs completely round the bell at this 
region. To the margin of the bell tentacles are usually 
attached, and sense-organs, presenting frequently consider- 
able complexity of structure, are found in the intervals be- 
tween the tentacles or at their bases. These forms, known 
as meduse, are, as a rule, free-swimming, propelling them- 
selves through the water by vigorous contractions of the bell. 
All Cnidaria, whether of the polyp or medusa form, pos- 
sess in their tissues peculiar elements altogether unrepre- 
sented in the Sponges. These are the 
nematocysts or so-called thread-cells. 
Each consists of an oval or spherical 
cyst (Fig. 38, c) with a membranous wall 
and fluid contents, the wall being pro- 
longed at one end into a long, exceed- 
ingly delicate, hollow, thread-like fila- 
ment sometimes furnished with spines at 
its base, and, in. an undisturbed cyst, is 
invaginated, and coiled up in the interior 
(Fig. 38, t). These nematocysts are pro- 
duced by and enclosed within special Fic. 38. — Nemarocysr 
cells known as cnidoblasts (cn) lying CELL or Physalia. 
principally in the ectoderm, and in their - = eae a 
most highly developed form differen- ¢y = cnidoblast. 
tiating below into a supporting stalk (s) 7 = nerve prolongation. 
which rests upon the outer surface of § = Supporting process. 
the mesoglea. From the outer extremi. ‘= ‘764. 
ty there projects beyond the surface of the ectoderm a short 
hair-like process, the enidocil (cl), and, in addition, an exceeding- 
ly fine process of some length (m) is given off at the junction of 
the stalk with the cyst-containing portion of the cell. These 
two processes are supposed to be sensitive, the longer one per- 
haps bringing the cnidoblast into connection with nerve-cells 
lying elsewhere in the ectoderm. In some way not yet prop- 
erly understood, a stimulation, such as a touch by some foreign 
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body, produces an evagination of the coiled thread from the cyst, 
in the interior of whichit has been bathed by the fluid contents. 
The evagination is of sufficient force apparently to puucture the 
skin of many animals and so inoculate the contents of the 
cyst, which are of a poisonous nature, and produce inflam- 
matory disturbances, and in minuter organisms paralysis or 
death. To the presence of these structures jelly-fishes owe 
their stinging powers, and they form efficient weapons both 
for obtaining food and for warding off enemies. 
The Cnidaria may conveniently be divided into three 
classes : 
I. Class Hydromeduse. 
II. “ Scyphomedusce. 
II. “ Anthozoa. 


1. CLass HYDROMEDUSE. 


The Hydromeduse present both polyp and medusa forms, 
the members of some of the orders contained within the 
class being only of the medusa form, while in another order 
only the polyp form occurs. Usually, however, both forms 
occur in more or less perfect development, representing two 
stages in the life-history of an individual and succeeding one 
another in the definite manner which has been already 
described as an alternation of generations. The polyps pos- 
sess the power of non-sexual reproduction by budding and 
give rise by this method not only to medusex, but also to 
other polyp individuals which may remain in connection with 
one another and thus give rise to branching colonies. Asa 
rule, the medusa individuals separate from the polyp and 
lead a free life, but in the order Siphonophore they may 
remain in conuection with each other aud with polyp individ- 
uals, undergoing various adaptations of form in accordance 
with different functions which they assume, the whole form- 
ing a colony presenting in a high degree a division of labor 
among the component individuals. 

As has already been pointed out the structure of the polyp 
form differs considerably from that of the medusa. The 
polyp is more or less cylindrical in form, tapering off above 
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so that the free end has a somewhat conical shape, the mouth 
being situated at the end of the cone. At the base of the 
cone, which is termed the hypo- 
stome, there is usually a circle of 
tentacles, though occasionally 
they are scattered irregularly over 
the surface of the hypostome, and 
a second circle of tentacles may 
be present at the base of the 
polyp (Pennaria). In colonial 
forms each individual (hydranth) p- 
(Fig. 39, Ay) is situated at the ex- 
tremity of a stalk or hydrocaulus 
(he), the various stalks either 
uniting together to form a branch- 
ing colony or else arising from a 
network, the hydrorhiza, which 
covers the surface upon which 
the colony grows; or occasion- 
ally each hydranth arises, with- 
out the intervention of a hydro- iq 39 portion or A CoLony 
caulus, from a flat plate-like or rae Campanunarian Hy- 
expansion common to all. In  DRor Clytia. 
either case the ccelenteron is co = coenosare. 
continuous throughout the entire Hesse dy noeralass 
At = hydrotheca. 

colony, the fleshy substance of jy = hydianth. 
the hydrocaulus and hydrorhiza, go = gonotheca. 
cenosare (co), being tubular and in m = mouth. 
direct continuity with the body- te Se an 
walls of the hydranths. The 7 
coenosare is enclosed within a chitinous substance termed the 
perisare (p) secreted by the ectudermal cells and sometimes 
prolonged at the end of each hydrocaulus into a cup-like 
structure, the hydrotheca (ht), into which the hydranth may 
be retracted ; occasionally this ectodermal secretion takes 
the form of carbonate of lime. 

The ectoderm generally shows a considerable amount of 
differentiation of its constituent cells. In addition to the 
cnidoblasts, which have been already described (p. 77), epithe- 
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lio-muscular, muscular, glandular, and nerve cells are gener- 
ally to be found init. The epithelio-muscular cells (Fig. 40, 
A) are the most numerous and consist of columnar cells, one 
extremity of which bears a cilium and 
helps to form the outer surface of the 
body, while the other is prolonged into 
asomewhat spindle-shaped process of 
co highly contractile muscular substauce. 
oo The muscle-cells (Fig. 40, B) are modi- 
fications of these, having lost their 
connection with the surface of the body, 

muscular cell of Coelen- 
terate; B= muscular the cell-protoplasm and nucleus form- 
cell; C =sensory cell. ing a small elevation on the muscle- 
fibre. The muscle-fibres rest upon the 
outer surface of the mesoglcea, and in the ectoderm are, as a 
rule, arranged longitudinally, so that by their contraction 
they cause a shortening or retraction of the polyp. The nerve- 
cells are of two kinds: (1) sensory cells (Fig. 40, C), which are 
slender cells whose free end bears a single cilium, while 
the inner end is produced into one or more slender nerve-proc- 
esses which are supposed to place these cells in connection 
with (2) the ganglion-cells. These are stellate cells lying in 
the deeper layers of the ectoderm, just external to the muscle- 
cells, and sending off delicate processes in various directions 
so as to form a plexus of nerve-fibres ramifying through the 

ectoderm. 

The mesoglea is thin and more or less fibrous in structure, 
and rarely contains cells. The endoderm-cells are large and 
are of the epithelio-muscular variety, the muscle-fibres hav- 
ing a circular arrangement producing by their contraction a 
diminution of the diameter of the polyp. The protoplasmic 
portion of each cell is furnished with a single flagellum and 
is digestive in function, taking food-particles into its sub- 
stance and there digesting them. In addition to these, gland- 
ular cells also occur in the endoderm, especially in the region 
of the hypostome. 

The medusa forms have the shape of a bell (Fig. 41 
which may be either shallow or deep, the mouth of the 
bell in all cases being partially closed by a fold of tissue 


Fic. 40.—A = Epithelio- 


TYPE C@LENTERA. 81 


which projects from the rim, and is known as the velum; 
from the presence of this structure these meduse have been 
termed craspedote meduse. The cavity between this aud the 
bell is the subumbrellar cavity, into which projects a process 
corresponding to the clapper of the bell and termed the 
manubrium. At the free end of this is the mouth, which 
opens into a canal traversing the manubrium and communi- 
cating at its base with the gastric cavity lying in the sub- 
stance of the bell. From this four (in some cases more) 
canals or pouches radiate out towards the rim and com- 
municate there with a circular canal which extends com- 


Fie. 41.—Lirtope scutigera (after Brooxs), 


pletely round the margin of the bell, just where the velum 
joins it. The canal of the manubrium, the gastric cavity, 
and the radiating and circular canals together constitute the 
celenteron. To the margin of the bell tentacles, varying in 
number, are generally attached, on or between the bases of 
which sense-organs are to be found. 

The meduse differ not only in form but also in habit from 
the polyps, being free-swimming organisms, propelling them- 
selves through the water by expelling the water from the 
subumbrellar cavity through the velar opening by sudden 
and rhythmical contractions of the bell. In accordance with 
this free mode of life sense-organs are present, and a higher 
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development of the nervous system than is found in the 
polyps obtains. The sense-organs vary both in structure and 
function in different meduse, in some being spots of pigment 
sometimes provided with a refractive lens and functioning as 
light-percipient structures. Such meduse (Fig. 45) are 
termed ocellate, or, since the eyes are on the surface of the 
bell and are not enclosed within a chamber formed by the 
growth around them of the adjoining tissues, they are some- 
times termed gymnophthalmatous. In other forms again the 
sense-organs consist of a group of cells containing in their 
interior crystals of carbonate of lime and having a somewhat 
vesicular appearance, and in the neighborhood of these are 
sensory cells with long stiff cilia to which are imparted any 
vibrations which the crystals may manifest. Such crystal- 
containing cells are known as otocysts, on the supposition that 
they form auditory organs, but it seems more probable 
that their function is that of equilibrium organs, informing 
the meduse of their position. Medusw# possessing such 
organs (Fig. 43) are termed, to distinguish them from ocellate 
forms, vesiculate medusz. 

The ectoderm which covers the outer surface of the bell is 
much flattened, but near the rim it becomes columnar and 
is ciliated, some of the cells assuming the form of sensory 
cells similar in appearance to those of the polyps, their 
slender nerve-filaments forming a delicate plexus in the 
deeper layers of the ectoderm, in which are here and there 
imbedded stellate ganglion-cells. A special nerve-ring sur- 
rounds the bell at its margin. The ectoderm-cells which 
cover both surfaces of the velum and the subumbrellar surface 
are of the epithelio-muscular and muscular types, the mus- 
cle-fibres being for the most part arranged circularly. In 
the deeper layers of the subumbrellar ectoderm numerous 
ganglion-cells with long prolongations occur forming a net- 
work immediately external to the muscle-processes, and at 
certain definite regions collections of reproductive cells occur. 

The mesoglea of the subumbrellar surface and of the 
velum is thin, resembling that of the polyps, but in the convex 
portion of the bell itis very thick and gelatinous in texture, and 
may in some cases contain cells. The endoderm is throughout 
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the ccelenteron ciliated ; in the tentacles, which may be either 
hollow or solid, it may retain its ciliated character, or else in 
the solid tentacles form a solid axis similar to that of the 
tentacles of the polyp forms. 

Such are the general structural features common to all 
the Hydromeduse. It remains to add here certain points by 
which especially they are distinguished from other groups of 
Cnidaria. These are : (a) the ectoderm and endoderm meet at 
the mouth-opening ; (6) the sense-organs when present are 
never modified tentacles: (c) a velum is always present in the 
medusa forms; and (d) the reproductive elements have their 
origin in the ectoderm. 


1. Order Hydrarie. 


To this order belongs the Hydra, a common inhabitant of 
fresh-water ponds and streams in all parts of the world. It 
is a simple cylindrical organism, adherent by one extremity 
to foreign bodies, though not fixed, being able slowly to 
change its position. Below the short hypostome is a single 
row of exceedingly extensible tentacles, which are hollow, a 
peculiarity found in no other Hydromedusan polyps. So long 
as conditions are favorable and nutrition abundant Hydra 
reproduces by budding, the buds separating from the parent 
form after a certain period of growth. Sexual reproduc- 
tion also occurs, the spermatozoa developing in the ectoderm 
a little below the ring of tentacles, while the ova form in the 
same layer somewhat lower down on the body, the animals 
being hermaphrodites. The ova after fertilization remain 
imbedded in the ectoderm of the parent for some time, but 
later, developing around them a cyst, they sink to the bottom 
of the water, and there remain usually for some time without 
developing further. In this condition they are able to with- 
stand a considerable amount of cold and dryness, and so 
may tide the species over unfavorable conditions. No medusa 
stage occurs in Hydra. 

Hydra grisea L. is a brown form, relatively large in size, while HZ. 
viridis L. is smaller and of a dark-green color due to chlorophyll-contain- 


ing corpuscles imbedded in the ectoderm-cells and supposed by some 
authors to be unicellular Algz of a symbiotic habit. (See p. 20.) 
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2. Order Narcomeduse. 


In the Hydrariz the polyp form occurs without a medusa, 
in the order Narcomedusce the reverse is the case, since in it 
the medusa form is the only one present in a typical state of 
development. The meduse are usually somewhat lens- 
shaped structures (Fig. 42), with a lobed margin, the velum 
(v), instead of being horizontal, being pendent from the mar- 


Fie. 42.—Cunoctantha octonaria HaECK. (After Brooxs), — 
m = margin of bell. ot = otocyst. » = velum. 

gin (m) and extending up in the intervals between the lobes. 
At the apex of each one of these intervals is situated a short, 
stiff, solid tentacle which is usually bent backward over the 
exumbrellar surface and is tipped by a knob of nematocysts. 

The cavity of the short manubrium leads into a gastric 
chamber which is prolonged out towards the margin into broad 
pouches which lie opposite the tentacles and the intervals be- 
tween the lobes, and around the margin, following the edge of 
the lobes and therefore having a festooned arrangement, runs 
a narrow circular canal which communicates with each radial 
pouch at the apex of each interlobular interval. This struc- 
ture is, however, absent in the American species Cunoctuntha 
octonaria. The reproductive organs develop in the subum- 
brellar ectoderm covering the pouches and sometimes extend 
on to the manubrium. Around the margin of the lobes are 
seated club-shaped projecting otocysts (ot) composed of an 
external layer of ectoderm surrounding a number of endo- 
dermal cells, one or more of which contain a crystal of 
carbonate of lime. The ectoderm cells in the neighborhood 
are largely sensory and provided with long cilia, their inner 
ends contributing to the formation of the marginal nerve- 
ring. 
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3. Order Trachymeduse. 


In this order only the medusa form is present and it re- 
sembles in many respects that of the Narcomeduse. The 
bell is somewhat flattened, but is not lobed at the margin; 
while the velum has the usual horizontal position and the 
long slender manubrium projects some distance outside of the 
subumbrellar cavity. From the gastric cavity four, six, or 
eight radiating canals arise, which join at the margin the cir- 
cular canal, and in the ectoderm of the subumbrellar surface 
over a small area along the line of these canals the reproduc- 
tive cells develop. At the margin a number of sense-organs, 
otocysts, are present, agreeing essentially in structure with 
those of the Narcomeduse and are sometimes projecting or 
in other cases more or less enclosed in a cavity formed by 
the growing up around them of the adjacent substance of the 
bell. The tentacles vary somewhat in shape and structure in 
different genera. In /?hopalonema they are all solid, eight 
being somewhat longer than the other eight at whose bases 
are the otocysts ; in Liriope (Fig. 41) four, situated opposite 
the radiating canals, are hollow and extensible, while the 
other four are solid and bent back over the exumbrellar sur- 
face as in the Narcomeduse ; while in Geryonia all the six 
tentacles are hollow. 


4, Order Campanularie or Leptomeduse. 


In this order both the polyp and the medusa form occur 
in the life-history of the individual, alternation of generations 
being the rule. The polyp generation takes the form of a 
branching colony, which generally shows a certain amount of 
division of labor among the component individuals. The 
nutritive hydranths or trophopolyps present the typical form 
already described (p. 78), and each is seated in a cup of per- 
isarc, the hydrotheca, into which the polyp may retract. Such 
polyps reproduce only polyp forms, but in addition others 
destitute of mouth and tentacles, and known as gonopolyps, 
occur, which produce by budding numerous meduse or medu- 
soid buds, the polyp and its progeny being together enclosed 
in a cup of perisarc, differing in shape from the hydrotheca 
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and known as the gonotheca (Fig. 39, go). On account of the 
presence of these cups the polyps of this order are sometimes 
termed calyptoblastic. In the typical Campanularian polyp 
colonies, such as those of Hucope or Vbelia, no further differ- 
entiation of the polyps is found, but in the family Plumulari- 
dee in the neighborhood of each of the small hydrothece there 
are one or more slender extensible polyps lacking mouth and 
tentacles whose endoderm is a solid axial cord, while the 
ectodermal cells send off long, streaming, pseudopodia-like 
processes, these polyps apparently playing the part of food- 
providers for the colony. 

The meduse (Fig. 43) are usually very shallow bells, with 
numerous hollow tentacles depending from the margin, and 
resemble the Trachymeduse in 
that the reproductive organs 
develop on the line of the ra- 
*\\ diating canals. Of these there 
are in the majority of cases 
four, though occasionally, as in 
“iquorea, they may be very 
numerous. Sense-organs are 
always present at the margin of 
the bell and,as in the Trachy- 

Fig. 43.—Rhegmatodes tennis, Ag. medusze and Narcomeduse, are 

always otocysts, the meduse 
belonging to the vesiculate category. A marked difference 
obtains between the otucysts of the Leptomeduse and those 
of the two preceding orders in that the calcareous crystals 
are in the former developed in ectoderm cells. The otocysts 
furthermore primitively occur on the inner surface of the 
velum, where they are lodged in a slight depression, which 
may, however, deepen so much that the otocysts appear to be 
imbedded in the substance of the bell. 

In the typical Campanularians free-swimming medusa are 
developed, and according as the polyps or the meduse attract 
especial attention the order may be termed that of the Cam- 
panularie or that of the Leptomeduse. In a few forms, such 
as Rhegmatodes, up to the present no polyp generation is 
known to occur, and conversely in certain genera, such as Ser- 
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tularia and LHalecium, and in the Plumularide, e.g. Aglaophenia, 
it would appear at first sight that no medusa generation oc- 
curred. This, however, is not strictly accurate, the appear- 
ance depending on the medusa-buds in these forms never 
becoming free-swimming but remaining in a more or less 
undeveloped condition, the ova and spermatozoa becoming 
mature notwithstanding the imperfect development of the 
meduse. Alternation of generations, however, exists in these 
forms just as much as in the typical Campanularians, for, no 
matter how degenerate the buds of the gonopolyps may be, 
they must still be regarded as the medusa generation. 


5. Order Tubularie or Anthomeduse. 


In this order, as in the preceding one, a well-marked 
alternation of polyp and medusa generations occurs. The 
polyps are united to form colonies, the individual hydranths 
being constructed on the Tubularian type, ie. the perisare 
ceases at the base of each hydranth so that there is no 
hydrotheca. The tentacles show a greater variety of form. 
and structure than in the Campanularian forms, and, though 
sometimes filiform and arranged in a single cycle at the base 

of the hypostome (Margelis), are yet in other forms scattered 
irregularly over the surface of the hypostome (Clava), or may 
be club-shaped (Coryne), or in addition to scattered club- 
shaped tentacles a circle of filiform ones may occur at the 
base of the hydranth as in Pennaria. A division of labor is 
not the rule as in the Campanularians, but nevertheless this 
phenomenon is in some cases carried to a much greater ex- 
tent than in that group. In some forms special gonopolyps 
are present from which all the medus# arise, but more fre- 
quently any of the hydranths may produce these structures. 
The gonopolyps when they occur are never enclosed within a 
gonotheca, and hence the term gymmnoblastic, frequently applied 
to the polyps of this order. In the genus Hydractinia (Fig. 
44) a complicated division of labor occurs. The various 
hydranths composing the colony arise from a flat expansion 
common to all and formed by the fusion of an original net- 
* work of ccenosarcal tubes, and on the surface of which numer. 
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ous stout spines occur. Some of the hydranths are typical 
trophopolyps (Fig. 44, tp) with filiform tentacles and a mouth, 
but among them are gonopolyps (gp) with short-knobbed 
tentacles below which the medusa-buds arise. In addition 
there are also towards the periphery of the colony much 
longer slender hydranths without a mouth and like the gono- 


Fig. 44.—Portion or Cotony or Hydractinia echinata (adapted from figure by 
HIncgs). 


gp = gonopolyp. mp = offensive polyp. tp = trophopolyp. 


polyps in having short-knobbed tentacles, but differing from 
them in their greater length and in never producing medusa- 
buds. Finally, in a European species of the genus a fourth 
exceedingly long polyp (mp), destitute of both mouth and 
tentacles, but furnished at its free end with numerous nemato- 
cysts, occurs. These third and fourth varieties of polyp 
probably are offensive and defensive in function, procuring 
food for the colony and warding off some predatory enemies. 

The Anthomeduse, as the medusa forms are termed, have 
much deeper bells than the Leptomeduse, and differ from 
the latter in that the sense-organs are light-percipient in their — 
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function, whence the meduse are frequently termed ocellate, 
and, secondly, in that the re- 
productive organs develop in 
the wall of the manubrium 
instead of on the line of the 
four radiating canals. Ten- 
tacles as a rule occur at the 
margin of the bell, and it is at 
their bases that the eyes are 
formed. Occasionally, as in 
Margelis (Fig. 45), tentacles 
also arise from the end of the 
manubrium. As a rule, the 
sexual generation is composed 
of free-swimming meduse, as 
in Coryne, Margelis, and Pen- 
naria, but not infrequently the 
medusa-buds become retarded 
in their development, as in Fia. 45.—Merpvusa or Margelis caroli- 
Hydractinia, Clava, Tubularia, seas 

and to an extreme extent in EHudendrium, and all intermediate 
stages between the two extremes are to be found. 


6. Order Hydrocoralline. 


The Hydrocoralline are colonial marine forms represented 
by the Stag’s-horn Coral, Millepora, and characterized by the 
densely ramified ccenosarcal tubes being enclosed in a mass 
of carbonate of lime secreted by the ccenosarcal ectoderm 
and taking the place of the perisarc. From minute pores on 
the surface of this calcareous mass, the corallum, the hydranths 
protrude and present a well-marked polymorphism. The 
pores are arranged in groups consisting of a central one sur- 
rounded by a varying number of smaller ones. From the 
central pore protrudes a hydranth with a circle of short ten- 
tacles tipped with knobs containing numerous nematocysts ; 
this is the trophopolyp or gasterozoid (Fig. 46, g). From the 
smaller surrounding pores more elongated hydranths protrude, 
destitute of a mouth, and with short scattered tentacles also 


90 INVERTEBRATE MORPHOLOGY. 


knobbed ; these are probably offensive polyps, of use to the 
colony in obtaining food, and are known as dactylozoids (Fig. 
46, d). The cavities in the corallum in which the gasterozoids 
live are divided by transverse partitions into chambers into 
the outermost of which the hydranth may be retracted, the 
arrangement recalling what occurs in the corallum of the fossil 
Tabulate Corals. In the genus Stylaster, however, which 
forms a rose-red branching corallum, these partitions are 


co = corallum. d = dactylozoid. g = gasterozoid. 


wanting, a calcareous cone, the columella, projecting upwards 
from the floor of the cavity. 

In one species at least of Millepora a well-marked and typi- 
cal alternation of generations occurs, meduse being formed 
which are set free and develop the reproductive elements in 
the ectoderm of the manubrium. In the majority of the 
members of the order, however, the medusa-buds are never 
set free, and are usually much degenerated, and indeed in 
Millepora alcicornis they may be said to have completely dis- 
appeared, and with them the alternation of generations. The 
medusa-buds develop on the walls of the ccenosarcal tubes, 
and lie in cavities in the corallum which open to the exterior 
by a pore through which the egg-embryos escape. 
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7. Order Siphonophore. 


The Siphonophores are free-swimming Hydromedusan 
of which show a high 


colonies, the constituent individuals 
degree of division of labor. The 
various forms of individuals which 
are to be found in different members 
of the order are usually not present 
in any one colony, some genera pos- 
sessing some forms which others 
lack ; it-will be convenient, therefore, 
to consider an ideal form in which the 
various modifications are present. 
Each colony (Fig..47) consists of an 
axis or stolon on which the various 
individuals are seated and which 
places them in connection with each 
other; itis usually long and slender, 
but in some cases, as in Porpita, may 
be reduced to a disk. At the ex- 
tremity of the stolon may be found 
a float or pnewmatophore (Fig. 47, p), 
a double-walled sac containing air in 
the interior, and which is to be re- 
garded as a modified medusa form. 
Next to itcome usually several medusa 
forms lacking manubrium, tentacles, 
and sense-organs, and possessing a 
locomotor function; these are the 
swim-bells or nectocalyces (n). At in- 
tervals along the rest of the stolon 
are situated groups of individuals, 
each group covered over by one or 
more scale-like structures (cs), which 
are again highly modified meduse, and 
in each group is to be found a tropho- 
polyp (tr), a vase-like polyp form with 
a wide trumpet-shaped mouth, and 
having near its base a single tentacle 


Fie. 47.—DiaGram oF a SI 
PHONOPHORE COLONY. 

es = covering scale. 
nectocalyx. 
pneumatocyst. 
reproductive polyp. 
sensory polyp. 
nutritive polyp. 
tentacle. 
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(t) which bears along one side a row of numerous secondary 
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branches, each richly provided with nematocysts. Associated 
with this nutritive individual is usually a reproductive form, 
which in some cases may take the form of an Anthomedusa, 
separating from the colony and leading a free life, as in 
Velella, or may be medusoid, presenting a medusa form, but 
lacking a mouth and tentacles and never separating from the 
colony, or finally a gonopolyp (r) may occur which bears 
numerous much-degenerated medusoid buds. In some forms 
there is still another form of individual (s), resembling a tro- 
phopolyp, but being destitute of a mouth and having a sim- 
ple tentacle without the secondary branches. From its great 
sensibility to stimuli this is supposed to be a sensory polyp. 

In some forms, such as Diphyes, no pneumatophore occurs, 
but nectocalyces are present; in others, as Agalma, both occur 
and the colonies resemble somewhat the diagrammatic form 
described ; while in a third group, including the Portuguese 
man-of-war Caravella, the pneumatophore becomes largely 
developed and nectocalyces are wanting, the stolon at the 
same time being contracted to a disk lying on the lower sur- 
face of the pneumatophore. In Velella and Porpita the stolon 
is reduced to a disk, but the pneumatophore is wanting. 

Alternation of generations of a typical form, complicated, 
however, by the polymorphism, occurs in such forms as 
Velella, which possess a free-swimming medusa; in the ma- 
jority, however, it is obscured, as in many Tubularian hy- 
droids, by the greater or less degeneration of the medusa 
An alternation of another kind, however, occurs in some 
forms, the bunches of individuals separating from the stolon 
and leading for a time an independent existence, during which 
their medusoid reproductive individuals become mature. ' 

The complicated polymorphism of the Siphonophore colonies leads to a 
merging of the individualities of the component individuals in that of the 
entire colony, a process which reaches its highest pitch in such forms as 
Velella. The various polyp and medusa forms of the colony may be con- 


sidered as organ-individuals, and by their integration an individuality of a 
higher grade—a metamere-individual—is produced. 


Development of the Hydromedusce.—It has been mentioned 
as one of the characteristic features of the Hydromeduse that 
the reproductive elements arise in the ectoderm. They reach 
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their maturity in the meduse or medusoid buds except in the 
Hydrarix, in which this stage is entirely wanting, and in cer- 
tain Hydrocoralline, in which it has disappeared, and may 
likewise first become differentiated in the medusa. In many 
forms, however, in which an alternation of generations occurs 
they arise in the polyp, sometimes at a point far distant from 
where the medusa-buds will arise, and reach these structures 
only after, it may be, a rather extensive series of wanderings. 
Thus, to take an extreme case, in Hudendrium the ova arise 
in the ectoderm of the main stem of the pinnately branching 
colony a short distance below the terminal hydranth; as new 
branches are formed in this same region the young ova 
migrate into them, passing through the supporting layer and 
wandering among the endoderm cells. Later on when the 
gonopolyps arise on the lateral branches the ova wander into 
them, still in the endoderm, and finally when the medusa- 
buds develop on the gonopolyps the ova continue their ende- 
dermic course into them and eventually, again passing through 
the mesogloea, take up their final position in the medusoid 
ectoderm. Gradations between such an extensive migration 
and cases in which none occurs are to be found, and it may be 
stated as a general rule that the more the medusoid buds 
depart from the medusa form the greater is the migration 
undergone by the reproductive cells. 

As arule the Hydromeduse are of separate sexes, the sepa- 
ration affecting the entire colonies—or, to put it slightly dif- 
ferently, the meduse are always unisexual, and a polyp colony 
when it occurs gives rise to meduse or medusoid buds all of 
the same sex. The Hydrarix, however, are exceptions to the 
rule, being hermaphroditic. 

A blastula results from the segmentation of the ovum, and 
this is converted into either a sterrula by immigration or a 
diblastula (i.e. a hollow two-layered organism without mouth 
or tentacles) by delamination (see p. 55). If a sterrula be 
formed, it assumes the diblastula condition by a hollowing out 
of the central mass, and after swimming about for some time 
in this condition, if a polyp is to be formed, it settles down 
upon some foreign body, a mouth breaks through and ten- 
tacles appear, producing the first hydranth. 
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In some forms, such as Hydractinia, the free-swimming embryo when 
it settles down becomes converted into a flat plate-like expansion without 
mouth or tentacles, from which, as a bud, the first hydranth arises. 

If, however, the ovum develops directly into a medusa, as 
in the Trachymeduse and Narcomeduse, the breaking through 
of the mouth and the formation of tentacles takes place 
while the embryo is still free-swimming, and the stage so 
produced may resemble closely a free-swimming hydranth, as 
in Cunoctantha, or may, by the great development of mesoglea 
at the extremity opposite the mouth, assume a rather globular 
form, as in Ziriope. As the tentacles develop and the bell 
becomes differentiated by the extension laterally, as it were, 
of the embryo, the velum arises at the margin of the bell. 
At this time the ccelenteron is a flattened cavity extending 
to the margins of the bell, but later it becomes obliterated 
along four lines, and the obliteration of the cavity extending, 
the radiating and circular canals and the gastric cavity alone 
persist, a layer of endoderm-cells sometimes joining them 
and representing the obliterated portion of the ccelenteron, 
though often this also disappears. 

In the Anthomeduse and Leptomeduse, in which the medu- 
se arise by budding from the polyps, the buds are at first 
tubular outgrowths of the body-wall (Fig. 48, 4). The ecto- 
derm at the tip of the bud thickens, depressing the central 
portion of the endoderm (Fig. 48, 2), and on the appearance 
of a cavity in the thickened ectoderm, the subumbrellar 
cavity, the central endoderm pushes out into the cavity, carry- 
ing with it the ectoderm covering it and forming the manu- 
brium (Fig. 48, C). In this stage the bud, though still lacking 
mouth and tentacles, is comparable to the polyp stage of the 
medusa of direct development at least so far as the ccelen- 
teron is concerned, and by processes identical with those 
occurring in the directly-developing embryo the radiating and 
circular canals are formed (Fig. 48, 2’), and on the formation 
of a mouth at the extremity of the manubrium and the de- 
velopment of tentacles the medusa is perfectly formed. 

In many cases, however, as already stated, the medusa- 
buds never reach their complete development, but become 
sexually mature while still imperfect inform. The stage at 
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which development ceases varies in different forms; in Tubu- 
laria, for instance, the medusoid bud resembles a medusa ex- 
cept that it lacks tentacles, sense-organs and mouth, and is 
not free-swimming; in Clava not only does development 
cease at an earlier stage, but a certain amount of degeneration 


Fra. 48.—DIAGRAMS SHOWING THE DEVELOPMENT OF A MEDUSA-BUD. 
A, outpushing of body-wall of polyp; B, thickening of ectoderm: C, forma- 
tion of subumbrellar cavity ; D, transverse section through @, along the 
line indicated by ad; ZH, formation of radial canals; F, transverse section 
through Z, along the line indicated by ad. 


ec = circular canal. rs = radial pouch. 
m = cavity of manubrium. su = subumbrellar cavity. 
ve = radial canal. » = velum. 


occurs, the rudimentary subumbrellar cavity never commu- 
nicating with the exterior and the radiating and circular 
canals being entirely obliterated ; and finally in Eudendrium 
the bud never develops beyond the earliest stage in which it 
is a simple tubular outgrowth of the body-wall. 


The Relationships of the various Orders to one Another.—Since the 
Hydrariz show such a simple type of organization it is generally supposed 
that they represent more or less closely a primitive ancestral form, though 
their usual habitat in fresh water suggests the possibility of their having 
undergone some degradation. If they do represent the primitive Hydro- 


Y 
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medusan, then, it is evident that the medusa form is a secondary modifica- 
tion—a specialized reproductive organ, which in the Narcomeduse and 
Trachymeduse has become so important that the ancestral polyp form is 
practically suppressed in the life-history. On this view it must be sup- 
posed that organisms so similar as the medusw of the Tubularian and 
Campanularian polyps have been developed eutirely independently of one 
another, a view which carries with it many difficulties, and that the medu- 
soid buds represent stages in their evolution. 

It seems more probable, however, that, leaving the Hydrariz out of the 
question, in all the other groups the medusa was the parent form. This 
is borne out by the fact that in the Narcomeduse, which, with their broad 
pouch-like extensions of the igentzio cavity, are the most primitive of all 
the craspedote meduse, there is no fixed 
polyp form. It has been shown, how- 
ever, that the Narcomeduse and Trachy- 
meduse in their development pass 
through a stage which may be considered 
to represent the polyp form, and if, while 
in this form, non-sexual reproduction 
should have taken place, the buds re- 
sembling the immature form which gave 
rise to them, a polyp colony would result, 
some of the buds of which might con- 
tinue their development and become 
medusz. By this view the difficulties 
presented by the similarity of the meduse 
throughout all the groups where they 
occur are overcome and the medusoid 
buds are regarded as imperfectly devel- 
oped or degenerate meduse. Further- 
more this view is rendered more than 

probable by the development of Cunoc- 
MoCreapy, from Brooks). : 

a@ = egg larva. tantha and the allied Cunina. The 
bb = budded larve. former while in the embryonic polyp 
form actually does bud (Fig. 49), the 
buds resembling the original embryo which gave rise to them, and all the 
buds, the parent embryo included, later develop into meduse. In Cunina, 
however, the parent embryo which gives rise to buds undergoes no further 
development, only the buds continuing on their course of growth to medu- 
see. In this case a true and typical alternation of generations occurs and 
points out a simple explanation of the alternation which is found in the 
Anthomedusve and Leptomedusaw. In these the polyp colonies are the re- 
sults of non-sexual reproduction of a larval medusa, and some only of the 

individuals so formed continue their development to meduse. 

The relationships of the Hydrocoralline to the other groups a:e not yet 
quite demonstrated. It would seem, however, from the medusa-bud which 


Fie. 49.—Buppine Larva OF 
Cunoctantha octonaria (after 
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occurs in one species of Millepora having its reproductive organs in the 
walls of the manubrium that the affinities of the group are with the Antho- 
medusz, and that an exceptional amount of degeneration of the medusa 
had occurred in correspondence with the development of the calcareous 
corallum. 

The Siphonophores are evidently allied to the Anthomeduse, judging 
from the characters of their meduse. The colony, however, contains both 
medusa and polyp individuals, the former not being in all cases reproduc- 
tive as in the Anthomeduse. The embryology of those members of the 
order which have been studied in this particular indicates that they too must 
be regarded as produced by budding in embryonic stages, some of the buds 
developing to meduse, others remaining in the polyp stage. A further 
differentiation of the meduse took place by which the pneumatophore, 
nectocalyces, and covering scales have been specialized from medusze origi- 
nally reproductive, the pneumatophore probably representing the parent 
individual of the colony. It is interesting to note in this connection that 
in some forms the reproductive medusz after having expelled their ova or 
spermatozoa become converted into nectocalyces. 


II. Ciass SCYPHOMEDUSE. 


In the Scyphomeduse the medusa form is preéminent, the 
polyp form being placed in the background and occurring 
only as a larval stage, though in some forms it assumes 
somewhat greater importance on account of the power it may 
possess of reproduction by transverse division. 

The meduse are usually free-swimming, though a few of 
the more lowly organized forms are attached throughout their 
lives by a prolongation of the exumbrellar surface (Fig. 52), 
forming a connecting link between the free-swimming forms 
and the polyp. As a rule they reach a much greater size 
than do the Hydromeduse, from which they are further dis- _ 
tinguished by (a) the absence of a velum, (0) by the sense- 
organs when present being modified tentacles, and (c) by the 
reproductive cells always arising in the endoderm, On ac- 
count of the first of these characters the Scyphomeduse are 
sometimes termed the dAcraspeda. 

They are all more or less bell-shaped, a number of ten- 
tacles usually hanging from the margin of the bell (Fig. 53). 
These, however, are frequently secondarily developed, there 
being in the simpler forms eight primary tentacles which may 
persist as tentacles, or four or all of them may be converted 
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into sense-organs (Fig. 50, s) situated near the margin of the 
bell and more or less enclosed in special chambers by the 
growth around them of folds of the bell substance (/). From 
the centre of the subumbrella there hangs the manubrium 
(m), the extremity of which is frequently prolonged into four 
elongated mouth-lobes, and above it communicates with the 
gastric cavity, g, which in simple forms extends to the 
margin of the bell, being obliterated only at four interradial 
points or lines. The four broad radial pouches thus produced 
correspond with the radiating canals of the craspedote medu- 
see, and the line of fusion being imperfect at the margin of the 


Fig. 50.—DIAGRAM OF SCYPHOMEDUSA. 


g = gastric cavity. r = reproductive organs. 
2 = Jobe covering the sense-organ. $ = sense-organ. 
m = mouth. 8g = subgenital cavity. 
mf = mesenterial filaments. t = tentacle. 


bell a communication between adjacent pouches is present 
comparable to the craspedote circular canal. This condition 
is, however, only retained in the simpler forms; in the higher 
Scyphomedusz the lines or points of obliteration may be 
omitted, and by secondary obliterations taking place over 
various areas of the ccelenteron, and by its irregular extension 
towards the rim of the bell as this grows in diameter, a com- 
plicated branching arrangement of the peripheral portion of 
the ccelenteron is produced, in which, however, the original 
4radial arrangement is as a rule distinctly indicated. Along 
the interradial axes there are four deep depressions of the 
subumbrellar surface, the funnels or subgenital chambers (Fig. 
50, sg), above which lie the horseshoe-shaped reproductive 
organs, 7, developed in the coelenteric endoderm, one limb of 
each horseshoe lying in each of the adjacent radial pouches, 
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Finally, in the line of each interradius there project into the 
ceelenteric cavity a number of coarse thread-like filaments, 
the mesenterial filaments (mf), which are unrepresented in the 
Hydromeduse. 

Such is the general structure of the Scyphomeduse; the 
modifications will be better described in connection with the 
various orders into which the class may be divided. In histo- 
logical structure the resemblance to the Hydromeduse is so 
great as to do away with the necessity of a detailed account, 
except as regards the sense-organs. As already stated, these 
when present are modified tentacles and partake of the char- 
acters of both eyes and otocysts. They are usually short 
finger-like stalks, lying in a notch of the rim of the bell 
and covered over by folds (covering plates, Fig. 51, cp) arising 
from the adjacent substance of the bell on either side of the 


Fig. 51.—MareinaL SENSE-oRGAN OF Rhopalonema (after Hertwia). 


ce = celenteric cavity. en = endoderm. 
cp = covering plate. o= eye. 
ec = ectoderm. ot = otocyst. 


niche and frequently uniting so that the stalks lie in pouch-. 
like cavities. The ectoderm of the finger-like stalks contains 
numerous sensory and ganglion cells, and at one or more 
regions pigment-cells are associated with these to form the 
eye (0), which may be further perfected by the addition of a 
cuticular lens. The stalks are hollow, containing a prolonga- 
tion of the ccelenteric cavity (cc) lined by endoderm, and at the 
tip of the stalk the endoderm-cells are filled with crystals of 
carbonate of lime, the whole mass of crystals forming a rather 
large otocyst (ot). The covering plates, furthermore, above the 
sensory stalks are usually grooved, the bottom of the groove 
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being lined by sensory cells to which an olfactory function is 
attributed. The marginal sense-organs of the Scyphomedusx 
are thus much more complicated in structure and in addition 
have a different mode of origin than those of the Hydrome- 
dusze. 


1. Order Stauromeduse. 


In this order some of the forms are fixed throughout their 
adult life, e.g. ZLucernaria (Fig. 52); while others are free- 
swimming when mature, as Tessera. The deep bell has at 
the margin eight tentacles—the primary tentacles, none of 
which become modified into sense-organs, these structures 
being wanting in the group. In some species of Lucernaria 


Fig, 52.—Haliclystus auricula DIVIDED LONGITUDINALLY (after H. James-Cuar&). 


Jf = funnel. mf = mesenterial filaments. 
go = reproductive organs. rp = radia] pouch. 
va = interradial adhesion. ¢t = modified primary tentacle. 


these primary tentacles (¢) are somewhat altered, and in all 
the margin of the bell is produced into eight knob-tipped 
lobes, to each of which a bunch of secondary tentacles 
may be attached. The coelenteron extends out to the margin 
of the bell, and is interrupted along the interradii by a point 
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(Tessera) or line (Zucernaria) of adhesion. The depressions 
of the subumbrellar surface, the funnels (/), are very deep in 
LIwernaria, extending almost to the summit of the bell. 


2. Order Peromeduse. 


In this order the adult meduse are always free-swimming, 
and are characterized by the bell being pointed in shape and 
about its middle marked with a distinct constriction. The 
ccelenteron is obliterated at only four points, as in Tessera, 
and they differ from the Stauromeduse 
by possessing four sense-organs, the 
four interradial tentacles of the primary 
series of eight becoming modified to 
form these structures, while the radial 
ones retain their original character. 


3. Order Cubomeduse. 


This order, of which Charybdea (Fig. 
58) is a typical example, is characterized 
by the bell being of a cubical shape. 
The interradial obliterations of the 
celenteron are linear, and, as in the pre- 
ceding order, four of the primary ten- 
tacles, these being the only ones which 
develop, are modified to form sense- 
organs. In this order, however, it is Fie. 53.—Charybdea mar- 
the four radial tentacles which form the  supéalis (after Craus). 
sense-organs (so), the four interradial per- “= ren aes 
sisting as tentacles (¢). = j 


4. Order Discomedusee. 


In this order, which includes the majority of the known 
Scyphomeduse, all the eight primary tentacles are converted 
into sense-organs, a number of secondary tentacles usually 
developing at the margin (Fig. 54). The primary interradial 
obliterations of the ccelenteron do not develop, but on the 
other hand secondary obliterations frequently make their 
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appearance, which, combined with irregularities of growth of 
the ccelenteron, give its peripheral portions an irregular out- 
line (Cyanea), or convert them into a series of anastomosing 
canals, e.g. Aurelia. The margin of the bell is usually more 
or less lobed, eight of these lobes being especially distinct 
and carrying the sense-organs, the intervals between them 
being usually occupied by the secondary tentacles when these 
are present. The depressions of the subumbrellar surface are 
no longer deep funnels, but form rather shallow subgenital 


Fia. 54.—Pelagia cyanella (after Acassiz). 


chambers with thin roofs, into the cavity of which the repro- 
ductive organs bulge out. 

In many forms the margins of the mouth are prolonged 
into long fringed lobes, and in oue family, the hizostomide 
(e.g. Stomolophus), the margins of these lobes may fuse to- 
gether, leaving, however, a large number of minute openings 
along the line of fusion. These lead into canals traversing 
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the substance of the lobes, and uniting finally in a larger 
central canal at the upper extremity of which lies the original 
mouth. 

Development of the Scyphomeduse.—The segmentation of 
the ovum leads as usual to a blastula form which may be- 
come solid by immigration and subsequently hollow out, or 
may abbreviate these processes by a typical invagination. 
The gastrula resulting passes in some forms gradually into the 
adult condition (Pelagia), without ever relinquishing its free- 
swimming habits, though in the majority of cases in which the 
life-history is known, cases confined entirely to the Discome- 
dusex, the embryo settles down and leads fora time a fixed 
sessile existence, resembling very much a polyp. This polyp 
form (Fig. 55, A), known as the Scyphostoma, differs mate- 
rially from the hydroid polyp; in the first place, from the 
body-wall there project into the ccelenteron four linear 
ridges (mesenteries) which extend from the neighborhood of 
the mouth to the posterior end of the ceelenteron, and later 
give rise to the mesenterial filaments of the medus; and in 
the second place, a deep funnel-like depression extends into 
each one of these mesenteries from the oral surface of the 
Scyphostoma, and produce later the subgenital chambers of 
the medusze. 

The Scyphostoma may develop directly into the free- 
swimming medusze, but in a number of forms it undergoes a 
series of transverse divisions (Fig. 55, B) into a number of 
saucer-like structures produced at the edges into eight blunt 
notched prolongations. These separate from the parent Scy- 
phostoma and are known as Ephyre (Fig. 55, C), developing 
into the adult Discomedusan by the intervals between the 
eight lobes, which carry the sense-organs, filling out, by the 
development of tentacles, and by the growth of the ccelenteron. 
A typical alternation of generations is thus brought about. 


There can be little doubt but that the ancestral Scyphomedusan was a 
sessile organism with much resemblance to Lucernaria. From this two 
lines of descent arose, both marked by a development of sense-organs from 
tentacles and terminating in the Peromedusze and Cubomeduse respec- 
tively, the Discomedusz resulting in the culmination of this sense-organ 
development. So far as the Discomeduse themselves are concerned the 
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Ephyra seems to represent an ancestral stage, since some mature meduse 
resemble this stage very closely and it occurs in the life-history of all, and 
earlier than this is the Scyphostoma representing the Lucernaria stage of 
evolution. The Scyphostoma has superficial resemblance to a hydroid 


Fie. 55.—A, Scyphostom of Aurelia; B, Strobila of Aurelia ; C, Ephyra of 
Pelagia (all after Agassiz). 


polyp, which resemblance is almost an identity in the earlier stages of the 
Scyphostoma before the development of the mesenteries and funnels. This 
suggests a relationship of the Scyphomedusez to the Hydromeduse only 
through the polyp, the separation of the two classes having occurred be- 
fore the appearance of the meduse on the scene. 


III. Crass ANTHOZOA. 


The Anthozoa never assume the medusa form, but are ses- 
sile, usually colony-producing polyps of the Scyphostoma 
type. Typically they are cylindrical structures (Fig. 56) at- 
tached at one extremity, the base, and bearing at the other 
extremity the mouth in the centre of a flat surface, the disk, 
around the margins of which are a number of hollow tenta- 
cles. The colenteron is imperfectly divided into a number 
of chambers by longitudinal partitions arising from the body- 
wall, the mesenteries (Fig. 57, me), the various intermesenterial 
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chambers communicating freely with a central space. The 
mouth does not open directly into the ccelenteron, as in the 
hydroid polyps, but into a tube, the stomatodeum (st), lined 
by ectoderm and communicating freely below with the central 
ccelenteric space. Certain of the mesenteries in their upper 
portions are attached to the endodermic surface of the stoma- 
todeum, but below its lower end all have free edges. Along 
this free edge there runs, in most of the mesenteries, a cyliudri- 


Fie. 57.— DraGRaMMATIC TRANS- 
VERSE SECTION THROUGH Hdward- 
sia IN REGION OF STOMATODAUM. 


me = meseutery. 
rm = retractor muscle. 
st = siphonoglyphe. 
st = stomulodeum, 
I-IV = mesenteries in the order of 
their development. 


Fra. 56. — Metridium “margina- 
tum, LEs. 


cal thickening, the mesenterial filament, composed in its lower 
portion of cnidoblasts and gland.cells, and usually longer than 
the mesentery, on the edge of which it forms a complicated 
system of coils and twists. In its lower part the filament in 
some forms separates from the mesentery as a bunch of fine 
filaments richly provided with nematocysts and capable of 
being protruded from the mouth or through pores in the 
body-wall. The upper part of the filament is usually of dif- 
ferent structure, bearing on each side a band of elongated 
ciliated cells whose function it is to produce a circulation of 
the fluids in the ccelenteron. 

The reproductive cells develop in the endoderm of the 
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mesenteries, whence they are shed into the intermesenterial 
chamber and make their exit by the mouth. The nervous 
system is well developed especially in the ectoderm of the 
disk and tentacles, though it also occurs in the endoderm. 
It possesses the general character of the Colenterate nervous 
tissue consisting of sensory cells, nerve-fibres, and ganglion- 
cells. The muscular system is very well developed both in 
the ectoderm and endoderm, the muscle-fibres being generally 
longitudinal in the former layer, and in the latter circular in 
their direction. At certain regions of the body the muscle- 
fibres are especially abundantly developed, the mesoglea 
being thrown into complicated folds for their support, so that 
it is possible to distinguish certain definite muscles. One of 
these is developed upon one face of each mesentery, and, its 
fibres being directed longitudinally, it forms a strong retractor 
(Fig. 57, rm) for the disk and tentacles; a second is developed 
in the endoderm of the body-wall a short distance below its 
junction with the disk, and its fibres may, by the growth of 
the mesoglea around them, become imbedded in that layer ; 
it forms a more or less powerful sphincter, serving to cover in 
the disk and tentacles when these have been retracted by the 
mesenterial retractors. 

The Anthozoa are constructed upon a radial symmetry, 
as are the other Coelentera, this symmetry appearing in the 
arrangement of the mesenteries and tentacles and in the cylin- 
drical form of the body. Nevertheless it is always possible 
to divide the Anthozoan by a single plane into two similar 
halves, that is, a bilateral symmetry is also present which is 
produced by the arrangement of the retractor muscles on only 
one face of each mesentery and by the flattening of the sto- 
matodeum. This latter feature is furthermore usually made 
more pronounced by the occurrence, at one or both ends of 
the longer transverse axis of the stomatodeum, of a distinct 
groove lined by high columnar cells with long cilia, these 
grooves forming the siphonoglyphes (Fig. 57, st), and by the 
mesenteries which are attached to the stomatodeum in the 
neighborhood of the siphonoglyphes usually having their 
retractor muscles on different faces from those on which they 
occur in the other mesenteries. 
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Frequently the ectoderm of the anthozoan polyps secretes 
a, skeletal substance which may either be carbonate of lime, or 
else an organic substance of a horny consistency. In the 
corals the secretion takes the form of carbonate of lime and 
forms a cup (Fig. 58, ap) in which the polyp is seated, ridges 


ap .... 
‘fp 


Fia. 58.—DIAGRAM OF THE STRUCTURE OF A CORAL (after von Kocu, from Lane), 


ap = exotheca. As = mesentery. 
Jp = basal plate. ss = septa. 
Calcareous skeleton, white; ectoderm, shaded; mesogloea, black; endoderm, 
dotted. 


(septa, ss), over which the soft tissues of the animal are 
moulded, projecting up from the bottom of the cup. The 
septa may be united by delicate tangential bars, synapticule, 
and from the bottom of the cup a somewhat cylindrical colu- 
mela may project, other upright rods, the pali, intervening be- 
tween the free edges of the septa and the columella. The 
upper portion of the body-wall of the polyp is reflected over 
the rim of the calcareous cup and may produce ridges, coste, 
on its outer surface corresponding in position with the septa, 
and inasmuch as the cup is continually increasing in depth so 
long as the polyp lives, and the polyp only occupies the upper 
portion, the lower part may from time to time be separated 
off by a transverse partition or dissepiment. 

In other forms, such as the Alcyonarians, however, the 
skeleton is secreted only by the basal ectoderm and the colony 
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becomes moulded over it (Fig. 59), so that it forms a ceutral 
horny or more or less calcified axial support, and in addition 
the mesogleal cells secrete scattered 
particles of carbonate of lime, having a 
more or less definite form for each spe- 
cies, but not uniting together to form a 
firm skeleton. 

The development of the Anthozoa is 
always direct, and the diploblastic 


Youne Gorconran (af- tion of the cells of the blastula. Many 
ileus adult forms possess the power of 
division, either transverse or longitudinal, the latter giving 
rise to complex colonies in many cases. In other forms the 
primary polyp may develop a stolon from which other indi- 
viduals may bud, producing a diffuse colony, or the intervals 
between the individuals may be filled up by a growth of 
mesogloea traversed by a network of canals, forming a tissue, 
the cenenchyme (Fig. 60), in which the various individuals are 
imbedded. 

The class Anthozoa may be divided into a number of 
orders, whose existence depends mainly on the arrangement 
of the mesenteries. 


1. Order Aleyonaria., 


The majority of the Aleyonarians produce colonies by bud- 
ding. In some the individuals are scattered on stolons, in 
others imbedded in a ccenenchyme (Alcyonium, Fig. 60), or in 
others united to form fleshy colonies of a feather or reniform 
shape (enilla), the whole being imbedded in the sand by a 
fleshy stalk. In some of the groups a horny or calcareous 
skeleton is present in addition to the calcareous spicules im- 
bedded in the mesogloea and may form a central axis enclosed 
by the coenenchyme (Fig. 59) and of a horny consistency, as in 
Gorgonia and Leptogorgia, or more or less calcareous, as in 
Tsis and Corallium, the skeleton of the latter constituting the 
red coral of commerce. In the Organ-pipe Coral, Tubipora, 
each individual lives in a calcareous tube, the various tubes 
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being united by transverse plates, and in Heliopora the skeleton 
becomes very massive, resembling that of the ordinary corals 
even to the occurrence of septa projecting into the interior of 
the cups which contain the individual polyps. 
Notwithstanding these manifold variations of the skeleton 
and of the colony form, the individual polyps present through- 
out a great similarity of structure. They possess only eight 
pinnate tentacles and eight mesenteries whose retractor mus- 
cles are arranged in the manner shown in the annexed dia- 
grammatic cross-section of a polyp (Fig. 61). In /enilla and 


Fic. 60.—Dracram oF Youne Fie.61.—Dr1acRamMatic TRANSVERSE 
CoLony oF Alcyonium (after SECTION OF AN ALCYONARIAN. 
von Kocu. rm = retractor muscle. 
: st = siphonoglyphe. 
I-IV = mesenteries. 

allied forms, such as Pennatula, a slight polymorphism occurs, 
certain polyps possessing no tentacles and functioning as 
inhalent zooids through which currents of water pass into the 
celenteric cavities of the colony through which they circulate. 


2. Order Edwardsie. 


The Edwardsix never produce colonies nor do they possess 
a skeleton, though frequently the exte ior of the body is en- 
crusted by foreign particles. They live usually imbedded in 
sand, the base being rounded and not adhesive, and possess 
eight (sometimes sixteen or thirty-two) simple tentacles and 
eight mesenteries, differing from those of the Aleyonarians in 


110 INVERTEBRATE MORPHOLOGY. 


the arraugement of the retractor muscles as shown in Figure 
57. 


3. Order Cerianthee. 


The Cerianthex are, like the Edwardsiax, solitary forms 
destitute of a skeleton, and live imbedded in sand or mud. 
The basal region is rounded and not adhesive, having at the 
centre a pore which communicates with the cceelenteron. In 
Cerianthus a fibrous investment surrounds the body as a tube, 
secreted by the ectoderm, this layer of the body being further 
characterized by an enormous development of muscle-fibres 
arranged longitudinally and supported upon slender processes 
of the mesoglea of the body-wall. The tentacles are simple 
and very numerous, being arranged in two sets, one surround- 
ing the margin of the funnel- 
shaped disk and the other im- 
mediately surrounding the 
mouth. The mesenteries are 
also very numerous and are 
distinguished by the absence in 
the adult of retractor muscles, 
the ectodermal muscles playing 
the part of the retractors, and 
the characteristic Anthozoan 
sphincter is also absent. The 
arrangement of the mesenteries 


(Fig. 62) is peculiar to the 
Fie. 62.— DracRamMMatic TRANS- fee 
VERSE SECTION or A Youne Ceri. STOUP, new ones continuing to 
anthus (according to Carteren). form during the entire life of 
st = siphonoglyphe. the animal and making their 
I-IV = the Edwardsian mesenteries. appearance oue on each side 
a cai of the sagittal plane between 
the two which immediately preceded them. The older mes- 
enteries are thus crowded to one surface of the body, the 
dorsal surface, at which the single siphonoglyphe (sz) occurs 
in the stomatodseum, and the four on either side of the 
mid-dorsal line (/-/V) are the homologues of the eight 
mesenteries of the Edwardsiw, the rest being secondary 
structures not represented in that group. 


rae 
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4. Order Antipatharie. 


The members of this order are all colonial and secrete a 
branching axial skeleton of a black horny material. The 
polyps possess usually but six simple tentacles, and as a rule 
only six mesenteries are present, of which only the two lying 
in the transverse axis bear reproductive organs aud mesen- 
terial filaments ; in some forms four or six additional imper- 
fectly-developed mesenteries are present, but six seems to be 
the number typical for the group. 


5. Order Protactinie. 


This order includes a group of forms, all simple and with 
simple tentacles, but showing considerable variation in the 
number of the tentacles. They all 
agree in this particular, however, 
that there are twelve mesenteries 
arranged in pairs (Fig. 63, /-VZ), 
the two pairs attached to the si- f 
phonoglyphe region of the stoma /, 
todeum having their retractor |, 
muscles on the faces turned away 
from each other, while in the other 
‘four pairs they are on adjacent 
faces. The two former pairs are 
termed the directive mesenteries Pe. 63—DraqRaAMMATIC TRANS 
(Fig. 63, D and "’), their constit- verse Section or Gonactinia. 
uent mesenteries lying one on each 2, D’ = directive mesenteries. 
side of the sagittal plane, and to- 77” = ee scene 
gether with one mesentery (JJ and y py = ee, forming 
ZI) from each of the other pairs pairs with Zand J. 
represent the eight Edwardsian 7 = secondary pair of mes- 
mesenteries. To these six primary cs 
pairs a varying number is added in the different forms; it 
may be, on each side, one between one of the pairs of direc- 
tives and the adjacent lateral pair (Scytophorus), or a pair in 
the same locality (Gonactinia, Fig. 63, 7), or two pairs one of 
which corresponds to the pair of Gonactinia, the second pair 
lying between the two lateral primary pairs (Oractis). 
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In all these forms there is a strictly bilateral arrangement 
of the mesenteries, and a tendency for them to arrange them- 
selves in pairs. 


6. Order Zoanther. 


The Zoanthese form very frequently colonial aggregates 
either of a diffuse stoloniferous character (Zoanthus) or of a 
more compact form, the individuals being imbedded in a cce- 
nenchyme (Palythoa). No skeleton is present, though many 
forms have a dense crust on the outside of the body formed 
of particles of sand, sponge-spicules, radiolarian and fora- 
miniferan shells, etc., imbedded 
in the outer portion of the meso- 
glea. They possess a varying 
number of simple tentacles, and 
there is only a single siphono- 
glyphe which marks the ventral 
surface of the body. The mes- 
enteries are arranged in pairs, 
six of which (Fig. 64, -V, LI-VI, 
L{TI and IV) correspond with the 
six primary pairs of the Protac- 
tinie ; of these the dorsal direc- 
Fia. 64.—Dracrammartic Trans- tives (2) are never united to the 

verse Section or Zoanthus. stomatodeum and the dorsal 
Z a eine cg lateral pair (IZ, VI) consists of 
1-4 = pairs of secondary mesen. ONC perfect and one imperfect 
teries, mesentery, the latter being ventral 
to the former. The ventral lat- 
eral primary pair may consist of two perfect mesenteries or 
may have the same arrangement as the dorsal lateral pair. 
To these six pairs a varying number of secondary pairs (1-4) 
may be added, the new pair always arising immediately on 
either side of the ventral directives. Each of the new pairs 
consists of a perfect and an imperfect mesentery, the latter 
being the dorsal one of the two, these secondary pairs thus 
differing from the lateral primary mesenteries. 
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7. Order Hexactinie. 


In the Hexactinie the six primary pairs of mesenteries 
described as occurring in the two preceding orders are again 
found (Fig. 65, Z, D, and D), and in a few forms (Halcampa) 
may be the only ones present. As a rule, however, a varying 


Fig. 65.—D1aGRAMMATIC TRANSVERSE SECTION OF AN HEXACTINIAN, AZp- 
tasia, with only the mesenteries of the first cycle perfect. 


D = directive mesenteries. I = mesenteries of the first cycle. 
g = reproductive region of mesentery. JJ = He ** “© second “ 
mf = mesenterial filament. Tit = s ‘third 


number of secondary pairs develop, each of these appearing 
in the interval between two primary pairs, so that two cycles 
of mesenteries (J and /J) may be distinguished. Usually, 
however, the process of mesentery formation does not stop 
here, tertiary (///), quaternary, etc., cycles being developed, 
the pairs of each new cycle appearing in the intervals between 
the pairs of the cycles already present. Consequently, since 
there are six primary pairs, the second cycle will consist also 
of six pairs, the third of twelve, the fourth of twenty-four, and 
so on. Ina few forms, owing to the precocious development 
of one or two of the secondary pairs on each side, the 
symmetry becomes converted from an hexamerous one to an 
octamerous (Aiptasia annulata) or a decamerous one (Tealia). 

Since the tentacles develop in connection with the spaces 
between the mesenteries, they are arranged in cycles corre- 
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sponding to the mesenteries. Usually but a single tentacle 
communicates with each space, but in some forms a series 
may arise on the roof of each space so that the tentacles have 
a radiating arrangement (Discosoma) or may appear to be 
irregularly scattered, as in some corals (Fungia). They are 
usually simple in form, though they may be in some cases 
pinnate (Phymanthus, Thalassianthus) or even branched. 
The order is usually divided into two suborders : 


1. Suborder Malacodermata. 


This includes the Sea-anemones or Actinians, all simple 
forms, not producing colonies, and usually attached by an 
adhesive base. They never form a skeleton of any kind, 
though they may develop an enveloping cuticle, usually very 
thin and in some cases encrusted with foreign matter; this 
is more especially the case with deep-water forms, the shallow- 
water forms, such as Metridium, Bunodes, etc., lacking a 
cuticle. Many forms possess the power of division, the in- 
dividuals so produced separating completely and not forming 
colonies ; furthermore some forms reproduce non-sexually by 
separating off portions of the tissue at the margin of the base, 
each portion eventually developing into an adult Actinian. 


2. Suborder Sclerodermata. 


This suborder includes the ordinary corals, which secrete 
a calcareous skeleton of the character already described 
(p. 107). A few forms are simple, but the majority produce 
complex colonies by longitudinal division and by budding, 
while in others the division is only carried to the extent of 
the formation of an individual with a number of mouths, as in 
Fungia and Manicina. In most of the forms the corallum is 
tolerably dense and may be either branching, as in Oculina, or 
form massive blocks, as the Brain-stone Coral (Mcandrina), 
but in Madrepora it is more or less porous. 

The Corals are most abundant in tropical seas and in shallower water, 
the Madrepores forming under such conditions large reefs, in the lagoons 


of which the Fungias, Manicinas, and Meeandrinas are found. In colder seas 
but few forms (Asévangia) are found in shallow water, but in the greater 
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depths of the ocean the simple forms which do not produce colonies are 
frequently found. 

Relationships of the Anthozoa.—As has been pointed out, it seems prob- 
able that the Anthozoa are to be traced back to a Scyphostoma-like polyp 
lacking interradial funnels. No four-mesenteried form, however, is known, 
a large gap existing between the Scyphostoma and the Aleyonaria, which 
are probably the simplest Anthozoa known tous. The primitive Alcyonaria 
were undoubtedly simple forms, and from them to the Edwardsiz was not 
a very great step. By the formation of four additional mesenteries the 
Edwardsian condition became converted into the twelve-mesenteried con- 
dition which forms the ground-form of the Protactinize, Zoanthez, and 
Hexactinizw, the various stages seen in the Protactiniw indicating the 
manner in which the Hexactinian condition has been brought about. 
The Cerianthez seem to be offsets from the Edwardsian condition, but it is 
difficult in the present state of our knowledge to conjecture the affinities of 
the Antipatharia. 

It is noticeable that the members of all the orders except the Hexac- 
tiniee have a strictly bilateral arrangement and development of the mesen- 
teries ; this arrangement becomes gradually modified, first, by the ten- 
dency of the mesenteries to arrange themselves in pairs ; second, by the 
formation of secondary mesenteries; third, by a tendency for these to 
appear in pairs; fourth, by a tendency for such pairs to appear in all the 
intervals between the primary pairs. Thus the Anthozoa are forms which 
are gradually specializing away from the radial symmetry characteristic 
of all Coelenterates towards a bilateral symmetry, and the more pronounced 
radiality of the Hexactiniz is a secondary condition. 


SUBKINGDOM METAZOA. 
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I. Subtype PORIFERA.—With pores in the walls and without nemato- 
cysts. 
1. Order Calcarea.—Skeleton calcareous. 
(a) Ascon type. Leucosolenia. 
(b) Sycon type. Graniia. 
2. Order Cornacuspongie.—Skeleton of spongiolin, usually with 
simple siliceous spicules. 
(a) With spicules ; fresh water. Spongilla, Ephydatia. 
(b) Without spicules; marine. Huspongia. 
3. Order Spiculispongie.—Skeleton of uniaxial or tetraxial sili- 
ceous spicules. Sometimes entirely wanting. 
(a) Skeleton wanting. Halisarca. 
(b) Skeleton present. Cliona, Esperella. 
4. Order Hyalospongie.—Skeleton of 6-rayed siliceous spicules. 
Euplectella. 
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II. Subtype CNIDARIA. Without pores in walls and with nematocysts. 

I. Class HypRoMEDUs#.—Ectoderm and endoderm meet at mouth. Re- 
productive organs develop in ectoderm. Medusa with velum ; sense- 
organs not modified tentacles. 

1. Order Hydravie.—No medusa form ; tentacles hollow. Hydra. 

2. Order Nurcomeduse.—No hydroid form; sense-organs otocysts 
of endodermal origin; radiating canals represented by broad 
pouches. Cunoctantha, Cunina. 

8. Order Trachymeduse.—No hydroid form ; sense-organs otocysts 
of endodermal origin; radiating canals narrow. Liriope, Ger- 
yonia, Rhopalonema. 

4, Order Leptomeduse or Campanularie.—With both hydroid and 
medusoid forms, the lattér frequently degenerate. Hydranths 
with hydrothece ; gonangia present. Medusa with otocysts of 
ectodermal origin ; reproductive organs on radial canals. 

(a) Hydroid and medusoid forms both well developed. Hu- 
cope, Obelia. 

(6) Hydroid form not well developed. -Hquorea, Rhegma- 
todes. 

(ce) Medusoid form degenerate. Sertularia, Halecium, Aglao- 
phenia. 

5. Order Anthomeduse or Tubularie. With both hydroid and me- 
dusoid forms, the latter frequently degenerate. Hydroid forms 
without hydrothecze or gonangia. Medusoid forms with eye- 
spots ; reproductive organs developed in wall of manubrium. 

(a) Medusoid form well developed. JJargelis, Coryne, Pen- 
naria. 

(6) Medusoid form degenerate. Clava, Hydractinia, Tubu- 
laria, Hudendrium. 

6. Order Hydrocoralline.—Hydroid forms polymorphic ; secreting 
calcareous skeleton by ectoderm. Medusoid forms usually de- 
generate. Millepora, Stylaster. 

%. Order Siphonophora.—Free-swimming, pelagic, polymorphic col- 
onies. 

(a) Nectocalyces present, without pneumatophore. Diphyes. 
(6) With both nectocalyces and pneumatophore. Agalma. 
(c) With pneumatophore only. Caravella. 
(da) Discoidal forms without nectocalyces. Velella, Porpita. 
II. Class ScyPHOMEDUSe.—With medusoid form only in adult stage. 
Velum not present; sense-organs are modified tentacles. Repro- 
ductive organs develop in endoderm. 

1. Order Stauwromeduse—With the eight primary tentacles not at 
all or but slightly modified. Tessera, Lucernaria. 

2. Order Peromeduse.—With the four interradial primary tentacles 
transformed into sense-organs. 
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8. Order Cubomeduse.—With the four radial primary tentacles 
transformed into sense-organs. Charybdea. 

4. Order Discomeduse.—With all eight primary tentacles trans- 
formed into sense-organs. 

(a) Mouth-lobes not fused. Cyanea, Aurelia, Pelagia. 
(6) With mouth-lobes fused. Stomolophus. 

II. Class ANTHOZOA.—Without medusoid forms. With ectodermal stoma- 
todceeum ; celenteron divided into chambers by vertical mesenteries ; 
reproductive organs developed in the endoderm. 

1, Order Alcyonaria.—Colonial forms with eight mesenteries not 
arranged in pairs ; tentacles pinnate. 

(a) Without axial skeleton, Renilla, Alcyonium, Pennatula. 

(6) With axial skeleton. Gorgonia, Leptogorgia, Isis, Coral- 
lium. 

(c) With tubular calcareous skeleton. Tubipora. 

2. Order Hdwardsie.—Simple forms with eight mesenteries not ar- 
ranged in pairs; tentacles simple. Hdwardsia. 

3. Order Cerianthee.—Simple forms with numerous mesenteries 
not arranged in pairs ; new mesenteries formed on each side of 
dorsal mid-line. Cerianthus. 

4, Order Antipatharie.—Colonial forms with axial horny support ; 
with six simple tentacles; mesenteries not arranged in pairs. 
Antipatharia. 

5. Order Protactinie.— Simple forms with twelve primary mesenter- 
jes arranged in pairs, and in addition one unpaired mesentery 
on each side, or one or two pairs. Scytophorus, Gonactinia, 
Oractis. 

6. Order Zoanthee.—Simple or colonial forms with twelve primary 
mesenteries arranged in pairs, and in addition a varying num- 
ber of secondary pairs developed on each side of the primary 
pair occupying the mid-ventral line. Zoanthus, Palythoa. 

4% Order Hewvactinie.—Simple or colonial forms with twelve pri- 
mary mesenteries arranged in pairs, and in addition a variable 
number of secondary pairs arranged in cycles, the newer pairs 
developing in the intervals between the pairs already present. 
An external calcareous skeleton present in many forms. 

(a) Without calcareous skeleton (Malacodermata). Hal- 
campa, Aiptasia, Tealia, Metridium, Bunodes. 

(0) With a calcareous skeleton (Sclerodermata). Madrepora, 
Fungia, Manicina, Meandrina, Astrangia. 
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CHAPTER VI. 
THE CTENOPHORA. 


THE group of forms known as the Ctenophora, to which 
the systematic value of a class may be given, present no little 
general resemblance to the Ccelentera, but at the same time 
depart so widely in structural and histological characters 
from the Cnidaria and Porifera that it seems advisable, 
until further evidence is forthcoming, to consider them as a 
group apart. 

All the Ctenophores are pelagic and are of great transpa- 
rency and delicacy, due to the nature of the mesogloal tissue. 


Fig. 66.—Bolina hydatina (after Cuun), 
cp = ciliated plates. te = funnel-canal. 
g = stomach or funnel. me = stomodeal canal. 
¢ = lobe. 


In form they vary greatly, some being almost spherical or 
pyriform (Pleurobrachia), sometimes with broad lobes project. 
ing from near the oral extremity (Fig. 66, 2) (Bolina, Mnemi- 
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opsis), others being ribbon-like, as Cestum, the Venus’ girdle, 
others sac-like, as Beroé and J/dyia. Indications of a radial 
symmetry are seen in the eight longitudinal bands of cilia- 
plates (cp) which serve as locomotor organs, but this is thrown 
into the background by the more pronounced bilaterality. 
The stomodeum is flattened in one plane and the gastric 
cavity (g) in a plane at right angles to this, two tentacles, one 
on each side of the body, lying also in this plane. It is possi- 
ble accordingly to recognize a sagittal plane, that of the 
stomodeum, and a transverse plane, that of the gastric cavity, 
and corresponding axes. 

The mouth lies at the extremity of the vertical axis which 
is directed backwards in locomotion, and opens into the ecto- 
dermal stomodeum, which is flattened parallel to the sagittal 
plane. Atits upper end the stomodzeum opens into the en- 
dodermal gastric cavity (g) or so-called “funnel,” from which 
five canals arise; one of these (tc) passes directly upwards to 
the aboral surface, where it branches and opens to the exterior 
by usually two openings ; two others pass downwards parallel 
with the broad surface of the stomodeum (mc) and end 
blindly ; while the other two (Fig. 67, rc) pass directly out- 
wards in the transverse axis of the body and end at the base 
of the tentacles, a short distance before their termination 
giving off two branches, one on each side. These branches 
soon divide and give rise each to two canals which commu- 
nicate peripherally with canals running longitudinally below 
the rows of cilia-plates. 

These plates, which constitute the locomotor organs, are 
arranged one above the other and are composed of fused cilia 
arising from ectodermal thickenings. There are eight merid- 
ional rows of these ciliated plates, and from the upper end of 
each row a delicate groove lined with ciliated cells extends 
towards the aboral pole, each groove uniting with an adjacent 
one as they approach the pole, so that their number is 
reduced to four (Fig. 67, cg). These pass in upon the floor of 
a dome-shaped cavity enclosed by fused cilia which arch 
together at the centre but do not quite meet. The cavity thus 
enclosed is somewhat broader in the sagittal than in the 
transverse axis and contains the aboral sense-organ. The floor 
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of the cavity is formed of high ciliated cells probably nervous 
in function, and above them is a mass of otoliths supported 
on four incurved rods of fused cilia, one of which forms the 
termination of each of the four meridional grooves. 

In addition to this sense-organ, which is to be regarded 
as of the same function as the otocysts of the medusz, there 


Fia. 67.—Pleurobrachia SEEN FOR THE ABORAL POLE (after AGassiz). 
cg = ciliated groove. p = polar area. 
ot = otocyst. re = radial canal, 
t = tentacle. 


lies at each end of the sagittal axis of the sensory dome a so- 
called pole-area (Fig. 67, p), the cells of which are furnished 
with small plates of fused cilia, each area being surrounded 
by a thickened ciliated rim. These structures are from their 
form and situation supposed to be sensory, and an olfactory 
function has been attributed to them. 

The tentacles (Fig. 67, ¢), of which there are two, situated 
at the extremities of the transverse axis, are present in all 
forms except the Beroids. Each tentacle lies in a deep 
depression termed the tentacle-sheath and consists of a princi- 
pal axis which gives rise to a large number of secondary 
tentacles arranged upon one side only. Both the primary 
axis and the secondary tentacles are solid, being composed 
mainly of muscle-cells and containing no prolongation of the 
tentacular vessel. In Mnemiopsis and its allies and in Cestum 
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the primary axis is practically wanting, the secondary tentacles 
arising directly from the bottom of 
the tentacle-sheath. The ectoderm of 
the secondary tentacles contains nu- 
merous cells supposed to be sensory, 
and also so-called adhesive cells, which 
in this group replace the nematocysts. 
They consist of a slender spirally- 
coiled muscular fibre (Fig. 68, m) at- 
tached at one extremity to the subja- 
cent tissue and terminating at the 
other on the under surface of a hemi- Fie. 68.—Apuesive CELLS 
spherical cap (c), whose surface is ee teense eet 
covered by small spherical masses of ee ateme 
a sticky secretion. A small animal m = contractile stalk 
coming into contact with these caps 

is held by the adhesive secretion, the muscle-fibre being suf- 
ficiently elastic to yield to the struggles of the victim and to 
bring it in contact with the general ectoderm by contracting 
when its struggles cease. 

The reproductive organs lie in the outer walls of the 
canals which lie beneath the meridional rows of plates, but 
apparently are originally derived from the ectoderm. All the 
Ctenophores are hermaphrodites, the ova being arranged on 
one side of each canal and the spermatozoa on the other, in 
such a manner that the adjacent sides of any two canais bear 
the same kind of sexual cells. A peculiar phenomenon 
termed Dissogony has been observed in certain forms, consist- 
ing of the occurrence of two periods of sexual maturity in the 
life-history of the individual, the reproductive organs ripening 
first while it is still in a larval stage and again when it has 
reached its adult form. 

The main bulk of the body of a Ctenophore is made up by 
a gelatinous tissue intervening between the endoderm and 
ectoderm and which may be termed the mesoglea, though it 
is not improbable that its cellular elements are in great part 
derived from embryonic cells corresponding to the mesoderm- 
cells of higher forms. It consists of a gelatinous matrix 
through which are scattered branched cells and fibres. Some 
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of the latter extend throughout the entire thickness of the 
mesogloea and are inserted by their branched extremities 
into the ectoderm on the one side and the endoderm or 
stomodzal ectoderm on the other. They are contractile in 
function, consisting of a central protoplasmic axis containing 
a nucleus and of a peripheral contractile substance. In addi- 
tion to these there are other much finer fibres which have 
been supposed to be nervous, and on the outer surface of the 
mesogloea, between it and the bases of the ectoderm-cells, is 
a network of stellate ganglion-cells whose processes overlap 
but do not unite with each other. They are especially abun- 
dant in the region of the meridional rows of plates; just as 
the slender fibres of the mesogloea are especially abundant 
below the aboral sense-organ and the meridional grooves. 
Further information is, however, required as to the nervous 
system of the Ctenophores. 
The class may be divided into two orders: 


1. Order Tentaculata. 


The members of this order possess tentacles either with 
or without the primary axis. The simple forms, such as 
Pleurobrashia, belong to this order, as well as the lobate and 
ribbon-shaped forms. In the lobate forms, such as Bolina 
(Fig. 66) and Mnemiopsis, there is at each end of the sagittal 
axis a large lobe developed into which four of the meridional 
canals are continued; two of the canals, those nearest the ex- 
tremities of the transverse axis, pass around the edge of the 
lobe and unite with each other, while the other two, which 
also unite, are thrown into arabesque-like twistings. The 
Venus’-girdle, Cestum, is ribbon-shaped, being flattened in the 
transverse plane and much drawn out in the sagittal plane ; 
the result being the great extension of four of the meridional 
plate-rows and the almost complete disappearance of the 
other four. In its young stages, however, Cestum is a spher- 
ical form closely resembling the simple genus Mertensia, 
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2. Order Eurystomex. 


This order, which includes the Beroid forms, is character- 
ized by the entire absence of tentacles and by the wide bell- 
like stomodeum. The meridional canals send off along 
their course numerous branching processes into the mesogloea 
and are united around the mouth by a circular canal. To 
this order belongs the Mediterranean genus Beroé, and the 
genus /dyia of the northwest Atlantic. 


Relationships of the Ctenophora.—The Ctenophores have been by most 
authors assigned to the type Ccelentera, on account of their jelly-like con- 
sistency and the presence of gastro-vascular canals, and of indications of.a - 
radiate symmetry. It is possible, however, that these characters are sim- 
ply superficial, and that the group possesses but very remote affinities to 
the Celenterates. They have furthermore been regarded by some as 
connecting links between the Colenterates and ‘the Turbellarians, and in 
connection with this idea two aberrant forms may be briefly described. 
One, Ctenoplana, is a flattened form, on the middle of whose dorsal surface 
lies the otolith sac, and at a short distance from this are eight short rows of 
cilia-plates, each in a slight depression. Two tentacles lie in the transverse 
axis, and the mouth is situated at the centre of the lower surface and leads 
into a cavity from which numerous branching gastric pouches arise with- 
out any definite arrangement. The other form, Celoplana, is also flat- 
tened and creeping ; the mouth lies on the under surface and opens into a 
wide cavity, which, as in Ctenoplana, gives origin to a number of pouches 
which branch and give rise to a network towards the periphery of the 
body ; a canal passes from the gastric cavity towards the dorsal surface of 
the body, where it divides into two branches which end blindly, and lying 
between them is a vesicle containing otoliths ; two tentacles similar to 
those of Plewrobrachia lie in the transverse axis. In both these forms the 
general surface of the body is ciliated, and they seem to represent inter- 
mediate forms between the Ctenophores and Turbellaria, Clenoplana being 
more closely allied to the former and Celoplana to the latter. 

There are various important structural differences, however, between 
the Colentera and the Ctenophores. Among these may be mentioned 
the structure and position of the sense-organ, the structure and position of 
the mesogloeal muscle-fibres, the structure of the tentacles, the presence of 
the adhesive cells which cannot possibly be homologized with nematocyst- 
cells, and finally the early differentiation in the embryo of cells, resembling 
the mesoderm-cells of triploblastic animals, which give rise to the muscles of 
the tentacles and perhaps to some of the mesogleal elements. 

It seems not improbable that the affinities of the Ctenophores would be 
more accurately indicated in the classification if they were entirely removed 
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from the Coelentera and associated with the Turbellaria, being regarded 
as highly modified forms, adapted for pelagic life, descended from Tur- 
bellarian ancestors. The evidence which has been brought forward in 
favor of a relationship of the Turbellaria to the Coelentera through the 
Ctenophores would support this view as well as that it was intended to 
support, and to this may be added the fact that while the peculiar adhesive 
cells of the Ctenophores cannot be homologized with any of the histological 
elements of the Cnidaria, they may readily have been evolved from the 
adhesive cells which occur in the ectoderm of many Turbellarians. 


SUBKINGDOM METAZOA. 


Class CTENoPHORA.—Pelagic organisms provided with eight meridional rows 
of plates formed by the fusion of cilia. 

1. Order Tentaculata.—Ctenophora provided with tentacles. 

(a) Without lobes ; more or less oval in shape. Pleurobrachia, 
Mertensia. 

(6) Lateral lobes occurring at oral pole. Bolina, Mnemiopsis. 
(c) Ribbon-like form. Cestawm. 

2. Order Hurystomee.—Without tentacles; stomodeum wide and 
bell-like. Beroé, Idyia. 
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CHAPTER VII. 
TYPE PLATYHELMINTHES. 


Tue Platyhelminths constitute a group which, though 
presenting a much higher grade of organization than the 
Coelentera, nevertheless show certain general structural 
similarities to the representatives of that type. Thus upon 
the exterior of the body there is a thin ectoderm (Fig. 69, 
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Fig. 69.—DIAGRAMMATIC TRANSVERSE SECTIONS THROUGH VARIOUS TURBEL- 
tania. A, an Acelan; B, an Alloiocwlan; ©, a Rhabdocelan; D, a 
Triclad. 


bm = basement-membrane. o = ovary. 

d = intestine. od = oviduct. 

ec = ectoderm. p = parenchyme. 
m = muscle-layer. i = testis. 

nm = nerve. » = vitellarium. 


od = vas deferens. 


D, ec), below which is a basement-membrane (bm) sometimes 
thin, structureless, and destitute of cells, sometimes thicker 
and enclosing branched cells, and strictly comparable to the 
mesoglea of the Ccelenterates. Within the basement-mem- 
brane there is a compact mass of tissue surrounding, in the 
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majority of forms, a cavity, the enteron (d), the cells lining 
the walls of this being differentiated into a digestive epithe- 
lium or endoderm. The space between the euteron and the 
basement-membrane is occupied by the mesoderm, consisting 
peripherally of compact layers of circular and longitudinal 
muscle-fibres (m), while below these it forms a mass of nu- 
cleated cells, usually vacuolated so as to resemble a network 
of fibres enclosing spaces and constituting the parenchyma (p). 
It is traversed by dorso-ventral muscle-fibres and has im- 
bedded in it various organs most of which are further dif- 
ferentiations of this middle germ-layer. These two layers, 
the endoderm and mesoderm, ure together comparable with 
the inner layer of the Coelenterates, the mes-endoderm, and 
when the enteron exists it communicates with the exterior, as 
in that group, by a single opening, the mouth, the Nemer- 
teans only, the most highly organized class of the Platyhel- 
minths, possessing a second opening, the anus. 

These homologies are, however, associated with a com- 
plexity of organization unrepresented in the Ccelenterates. 
The Platyhelminths all present a typical bilaterality of form, 
and show furthermore a well-marked antero-posterior as well 
as, in most cases, a dorso-ventral differentiation. The body is 
usually flattened and more or less vermiform, whence the name 
of the group, and is adapted to a creeping habit, certain para- 
sitic forms, and some Nemerteans which live buried in sand, 
being the only forms not presenting such a mode of life. 

The greatest contrast to what occurs in the Celenterates 
however, is presented by the development of compact organs. 
The nervous system is no longer an altogether diffuse tissue, 
scattered in a thin layer throughout the body, but a large 
number of ganglion-cells are aggregated into a compact mass, 
the brain, embedded in the mesoderm parenchyma near the 
anterior end of the body, and from this there pass backwards 
two or more longitudinal cords of nerve-fibres which give off 
branches extending to all parts of the body and forming a 
network below the basement-membrane from which the pe- 
ripheral muscles derive their nerve-supply. In some cases 
nerves have been observed to pass from this network through 
the basement-membrane to come into connection apparently 
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with nerve-cells lying between the inner ends of the ectoderm- 
cells as well as with sensory cells resembling in general form 
those already described as occurring in the Cnidaria. It must 
not be understood, however, that the ganglion-cells are limited 
in their distribution to the lower layer of the ectoderm and 
the brain; on the other hand, they are scattered along the 
nerve-cords which arise from the brain, the Platyhelminths 
presenting in the structure of their nervous system a condi- 
tion intermediate between the diffuse arrangement of the 
ganglion-cells seen in the Cuidaria and the more perfect ag- 
gregation occurring in higher types. 

An excretory system of branching tubes traversing the 
mesoderm parenchyma and opening to the exterior is also 
present. It consists usually of two main tubes, nephridia, 
from which numerous branches arise, terminating in blind 
funnel-like extremities (Fig. 70, 7) lying in the meshes of the 
parenchyma. Each funnel (Fig. 
78, B) is closed by a single cell 
(te), from which there projects 
into the tube a bundle of cilia 


(fl), and which, from the resem- ; 


blance of the motion of these cilia 
to a flame flickering in the wind, is A y 
known as a flame-cell. The larger | 
tubes are lined by a layer of 
cells which seem, in certain cases 
at least, to be ciliated, but the 
smaller branches connie of “Fig. 10.—EXxcRRTORY SysTEM oF 
series of cells succeeding one yp ANrertor Portion oF THE 
another in a single row, the canal Bopy or Planaria montana (atter 
running through the centres of se eae i ' 7 
the cells and being thus intra- on WE oe 
cellular. The tubes throughout the entire system contain 
a fluid in which particles resembling guanin in their behavior 
to reagents have been seen, and there is little room for doubt 
but that the tubes have an excretory function. 

Finally, a complicated reproductive apparatus (see Figs. 
68-70) is present, the Platyhelminths being for the most part 
hermaphrodite. The testes consist of from two to many 
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globular bodies whose ducts unite to form two vasa deferentia 
opening to the exterior through a muscular intromittent organ, 
and sometimes dilating to form reservoirs, the seminal vesicles, 
in which spermatozoa may be stored up until required for 
fertilization. The female apparatus 1s somewhat more com- 
plicated. The ovaries are usually two in number and their 
products pass to the exterior through special tubes, the ovi- 
ducts, which may be exceedingly long and with the terminal 
portion dilated to form a werus in which the ova may pass 
through certain stages of their development. Connected with 
the oviducts there is usually a pouch-like structure, the semi- 
nal receptacle, for the reception of spermatozoa, and further- 
more they may receive the products of two other glands 
which supply the yolk and the shell for the ova. The yolk- 
glands are in some cases very voluminous, forming what is 
termed the vitellariwm, and have been apparently developed 
by the separation of a portion of the original ovary, their 
cells, which manufacture the yolk material, being accordingly 
equivalent to germ-cells. The evidence for this supposition 
is derived from the arrangement found in some Turbellaria 
and will be pointed out, together with the variations which 
the complex of organs presents, in the descriptions of the 
various groups. 


I. CLass TURBELLARIA. 


The Turbellaria derive their name from the fact that the 
ectoderm is furnished with cilia, which form the locomotor 
organs of the animals, whose gliding motion over tbe sur- 
face of the objects among which they live is very charac- 
teristic. The majority of the members of the class lead a 
free life, some in fresh and some in salt water, and some even 
on land, creeping about on the under surfaces of stones or 
weeds. <A few, however, are parasitic either upon the outside 
of the bodies of their hosts (Bdellura) or in a few cases living 
in the body-cavity or even being imbedded in the tissues. 

In addition to the ordinary ciliated cells the ectoderm con- 
tains numerous sensory as well as gland cells. Special 
glands secrete in most of the groups peculiar rod-like bodies 
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which lie scattered about in the ectoderm between its compo- 
nent cells or may project more or less beyond its surface. 
These rhabdites, as they are termed, are produced as a secre- 
tion by cells lying usually in the mesoderm and connected 
with the exterior by a slender neck passing through the base- 
ment-membrane, the rhabdites thus making their way to the 
exterior. The rhabdite-cells are ectodermal, their position in 
the mesoderm being quite secondary, and in fact in one group 
they are confined to the ectodermal layer. The function and 
nature of the rhabdites have been variously interpreted, some 
authors considering them equivalent to the Cnidarian nemato- 
cysts, but it seems more probable that they are the condensed 
secretion of cells which originally produced a mucous sub- 
stance and by slowly dissolving in water produce a viscid 
slime of sufficient tenacity to retain organisms coming in con- 
tact with it. 

In addition to these structures many forms possess adhe- 
sive cells, columnar cells which produce a strongly adhesive 
secretion which is poured out in drops upon the free ex- 
tremity of the cell, recalling in this respect the adhesive cells 
of the Ctenophores. These cells seem to be of use mainly in 
enabling the worms to adhere to the surface on which they 
are creeping, and are especially developed towards the hinder 
end of the body. Another organ of adhesion in the form of a 
muscular sucker, situated usually about the middle of the 
ventral surface, is present in certain marine Turbellaria, but 
the majority of the members of the group lack such struc- 
tures. 

The nervous system consists of a brain from which a num- 
ber of nerve-cords arise, varying somewhat in their arrange- 
ment in the different orders. Sense-organs of one kind or 
another are usually present in addition to the widely-distrib- 
uted sensory cells of the ectoderm. A large number of forms 
possess eyes, which in some Polyclads may be exceedingly 
numerous, and usually consist of a patch of pigment lying in 
the mesoderm and upon which a refractive lens-like structure 
lies. In a few cases, as in/Microstoma, the eye is simply a patch 
of pigment in the ectoderm near the anterior end of the body. 
An otocyst, consisting of a spherical vesicle filled with fluid 
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and containing an otolith of carbonate of lime, is present in 
some of the lower Turbellaria, as Monotus, and rests directly 
upon the surface of the brain; these structures probably, as 
in the Cnidaria, are sense-organs of equilibrium rather than 
of audition. In the Polyclads tentacles are frequently pres- 
ent, sometimes capable of being retracted and serving as 
organs of touch, and in certain Rhabdoceels there is a ciliated 
depression on each side of the head richly supplied with 
nerves forming what has been considered an olfactory organ. 


1. Order Aceela. 


The Accela form a group of lowly-organized Turbellaria 
exclusively marine in habitat and leading an active and free 
existence. They all possess a mouth (Fig. 71, m) situated on 
the ventral surface and leading into a short pharynx, though 
in some forms this may be absent; but beyond this there is 
no trace of a digestive tract, the food passing from the 
pharynx into the parenchyma (p), where it is digested. Ow- 
ing to the lack of a digestive tract these forms are strictly 
two-layered (Fig. 69, A), only the ectoderm and mes-endoderm 
being represented, and consequently are exceedingly interest- 
ing as indicating the manner in which the differentiation of 
the triploblastic condition has been derived from the diplo- 
blastic. 

The nervous system has been described in Convoluta as 
consisting of a bilobed ganglion surrounding the otocyst, and 
in front of this and united to it by commissures is a second 
pair of ganglia. From the anterior ganglia there arise by a 
common stem two nerves on each side which pass backwards, 
one along the edge of the body and the other a little internal 
to it, while the posterior ganglionic mass gives rise to two 
nerves which pass backwards, one on each side of the median 
line. All six nerves send off numerous transverse branches 
which unite to form with the nerve-cords a square-meshed 
network. In addition to the single otocyst (Fig. 71, ot) two 
pigment-spots lying in the ectoderm and representing light- 
percipient organs (e) are present, as well as a peculiar refrac. 
tive highly-movable organ, lying in the median line on the 
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anterior margin of the body, which is supposed to be tactile 


in function. 


No excretory apparatus has as yet been described for the 


Acela, but a reproductive system 
with some interesting peculiarities 
occurs. The male apparatus consists 
of numerous spherical testes (¢) whose 
ducts unite to two vasa deferentia, 
dilating below to form the seminal 
vesicles (vs) and uniting in the mus- 
cular intromittent organ. The female 
organ is, however, relatively simple, 
consisting of two club-shaped ovaries 


(ov) whose short oviducts open almost f ac 


directly to the exterior near the pos- ¢ 
terior end of the body by a pore ('Q) 


common to both male and female ap- 
paratus. There is no vitellarium, no 
shell-gland, no seminal receptacle, 
and no special uterus, a state of 
affairs indicating great simplicity of 
structure compared with what is 
found in the other orders. 


2. Order Alloioceela. 


The members of this order are 
marine with the single exception of 
Plagiostoma lemani, which is found in 
the deep waters of the Swiss lakes. 
They present a distinct advance upon 
the Accela in that a well-defined diges- 
tive tract is present (Fig. 69, 2), the 
interval between it and the peripheral 


Fie. 71.—DraGrRaAM OF AN 
Aca@Lous TURBELLARIAN 
(after Von GRAFF). 


e = eye. 

m = mouth. 

ot = otocyst. 

ov = ovary. 

p = parenchyma, 
testis. 


vesicula seminalis. 
reproductive orifice. 


vs 


69 


ton i tt 


musculature being completely filled up by the usual paren- 


chyma and the organs imbedded in it. 


These forms are then 


triploblastic, possessing well-defined ectoderm, mesoderm, and 
endoderm, a condition found in all the higher orders. 
The mouth varies somewhat in position, lying either near 
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the anterior or the posterior end of the body, and opens into 
a pharyngeal pouch, whose walls are thickened by muscle-fibres 
in such a way as to form a somewhat bulbous mass sharply 
marked off from the parenchyma which surrounds it. In 
Monotus, however, the pharynx is more developed, projecting 
as a strong circular fold into the pharyngeal pouch and form- 
ing what is termed a plicated pharynx. This at its inner 
extremity communicates with the sac-like intestine, usually 
quite simple but occasionally somewhat pouched, and ter- 
minating, as in all the Turbellaria, blindly. 

The nervous system consists of a bilobed ganglionic brain- 
mass from which pass backwards two nerve-cords which may 
(Monotus) or may not present transverse anastomosing 
branches, and in addition a number of smaller branches pass 
forward to be distributed to the anterior end of the body. 
Eyes, consisting of pigment-spots seated upon the brain, are 
frequently present, and in Monotus an otocyst is found, while 
lateral ciliated depressions on each side of the head occur in 
Plagiostoma. 

The excretory system is present, but presents no notable 
departures from the typical arrangement. As regards the 
reproductive organs, the testes resemble those of the Accela, 
but the ovaries are comparatively small and the separate 
vitellaria are large and sometimes branched, opening into a 
cavity, the genital atrium, common to them, the oviducts 
and the intromittent organ, and communicating with the ex- 
terior by a single median pore situated near the posterior end 
of the body. In a few forms the vitellaria are not differen- 
tiated from the ovaries, presenting a condition similar to that 
found in the Accela. 


3. Order Rhabdoceela. 


The Rhabdoccela are found both in fresh and salt water and 
are usually small. They possess a distinct tubular digestive 
tract (Fig. 69, O, d) without lateral pouches or branches, but 
the principal characteristic lies in the presence in the paren- 
chyma of large spaces resembling the coelomic cavities of 
higher types, a feature not repeated in any other Turbellaria. 
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The mouth is situated at various regions of the body in 
different forms, being anterior in Jficrostoma, while in Meso- 
stoma (Fig. 72) it is situated at the middle of the ventral sur- 


face. ‘The walls of the pharyn- 
geal pouch (pk) may be quite 
simple, as in the Accela which 
possess a pharynx, or may pre- 
sent a muscular thickening form- 
ing a bulbous pharynx, but no 
further complexity occurs, al- 
though in certain forms, such as 
Prorhynchus, the pharynx is capa- 
ble of being protruded from the 
mouth, acting probably as a 
delicate tactile organ. 

The nervous system (n) is 
essentially similar to that of the 
Alloioccela ; two or four eyes (oc) 
frequently occur, though otocysts 
are wanting, while the ciliated 
depressions on the side of the 
head supposed to be olfactory in 
function occur in Microstomu and 
Prorhynchus and allied forms. 

The excretory system consists 
occasionally of a single nephri- 
dium with numerous branches 
which open near the posterior 
end of the body, but more usually 
two main tubes are present open- 
ing near the middle of the body 
either directly to the exterior or 
into the pharyngeal pouch (Meso- 
stoma), though in some cases they 
unite near the posterior end of the 
body into a single tube which 


Fig.72.—A RuaBppoca@1ovus Tur- 
BELLARIAN, Mesostoma splendi- 
dum (after von GraFF)- 

at = atrium. 
atg = atrial gland. 
d = intestine. 


n = brain. 
oc = eye. 

ov = ovary. 
p = penis. 


ph = pharynx. 

sr = receptaculum seminis. 
t = testis. 

ot = yolk-gland. 


opens to the exterior by a single median pore (Vortez). 
The reproductive system presents considerable variation 
in the structure of the female apparatus, but the testes (¢) are 
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uniformly two simple club-shaped bodies uniting below to 
form a common seminal vesicle. The female apparatus may 
consist of a single ovary (ov) combined with a vitellarium or 
of two such structures, but usually there is a separation of the 
vitellarium (vt). In the more complicated cases there is but 
a single small ovary opening almost directly into the genital 
atrium, which receives ‘also in addition to the intromittent 
organ the ducts of the two vitellaria. Its walls are further- 
more pouched out into a seminal receptacle and a sac-like 
e.vity which serves as a uterus, while a peculiar muscular 
sac, lined by a strong cuticle, the bursa copulatrix, serves for 
the reception of the intromittent organ during copulation. 
As stated, however, numerous variations from such a condition 
occur, and it is not possible to describe any one arrange- 
ment characteristic of all the Rhabdoccels. 


4. Order Tricladea. 


The Triclads constitute a group of forms with very definite 
structural peculiarities, occurring principally in fresh water 
(Planuria, Dendrocelum, Phagocata), though a few forms are 
terrestrial (Bipaliwm), and a still smaller number marine 
(Gunda, Bdelloura). As a rule they are elongated in form, 
one of the terrestrial species reaching a length of 2 cm., and 
are for the most part free-living, though Bdelloura and Syncee- 
lidium are ectoparasites of the King-crab (Limulus). The 
mouth is situated in all cases behind the middle of the body 
and leads into a somewhat capacious pharyngeal pouch (Figs. 
69, D, and 73, ph) in which lies a muscular cylindrical pharynx 
capable of protrusion from the mouth-opening. The diges- 
tive tract at the base of the pharynx divides into three 
branches, one of which passes forward in the median line, 
giving off simple or branched diverticula on both sides, while 
the other two pass backwards on either side of the pharyngeal 
pouch, giving off diverticula only from the outer side. The 
intestinal branches, whose number has suggested the name of 
the order, and their diverticula are imbedded in a compact 


parenchyma, no well-marked coelomic spaces being present 
(Fig. 69, D). 
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The nervous system consists of a bilobed brain lying in 
the anterior part of the body and 
from which two nerve-cords pass 
backwards, united at intervals by 
cross-commissures and giving off 
ou their outer sides branches 
which anastomose with one an- 
other, forming a network. 


In Gunda segmentata the transverse 
commissures agree in number and ar- 
rangement with the lateral branches on 
the one hand and with the diverticula of 
the intestine on the other, the arrange- 
ment of the two systems producing an 
appearance of metamerization which is 
most striking, especially as it affects as 
well the excretory and reproductive sys- 
tems. In this form an indication is 
afforded of the manner in which the 
more pronounced and typical metameri- 
zation of the higher types has been pro- 
duced by the more or less completed g 
multiplication of the organs and the 
integration of the parts so formed into 
a metamere (see p. 43). 


Eyes are usually present, fre- 
quently provided with lenses, and, 
though usually two in number, 
may be very numerous and situ- Fie. 73.—A Trictap TURBELLARI- 
ated along the margin of the body. AN, Syncelidium pellucidum (after 


e WHEELER). 
No otocysts occur, and the sides ev = excretory system. 
of the anterior end of the body g = accessory gland. 


vaginal glands. 
nervous system. 


are in some forms produced into 99! 
more or less elongated processes 


tl 


: ‘ E od = oviduct. 
which may possibly be mainly ov = ovary. 
sensory in function, while behind p = reproductive orifice. 
them are areas of strongly ciliated 7 = pharynx. 
cells richly supplied with nerves aie 

y PP u = uterus. 

and presumably corresponding od = vas deferens. 
with the ciliated depressions oc- vt = yolk-gland. 


curring in the same regionin the Alloioccela and Rhabdoceela. 
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The excretory system differs from that of the lower orders 
in that the two longitudinal nephridia open on the dorsal sur- 
face of the body by numerous pores, which in Gunda corre- 
spond in number with the intestinal diverticula and nerve- 
commissures. The reproductive apparatus consists of nu- 
merous testes (Fig. 73, f), as in the Accela (arranged metameri- 
cally in Gunda), whose ducts unite to vasa deferentia (vd) 
uniting in the muscular intromittent organ which projects into 
the genital atrium. Two small ovaries (ov) occur in the ante- 
rior end of the body, their large oviducts passing backwards to 
unite in a muscular bursa copulatrix, and receiving at inter- 
vals the secretion of numerous lateral diverticula which con- 
stitute the vitellarium (vi). A pouch-like diverticulum of the 
atrium serves as a uterus, and the single median orifice (p) of 
the atrium lies near the posterior end of the body behind the 
mouth-opening. 


5. Order Polycladea. 


The Polyclads are exclusively marine and assume various 
forms, some being quite elongated while others are flat leaf- 
like expansions. Compared with the members of the other 
orders they may be said to be as a rule large, though few 
reach the length which has been mentioned for some land 
Triclads. The mouth varies greatly in position, as in the 
Rhabdocels, and opens into a spacious pharyngeal pouch 
containing a plicated pharynx (Fig. 73, ph). The intestine 
consists of a central cavity, into which the pharynx opens at 
its inner end and from which numerous branches (hence the 
name of the order) pass off into the compact parenchyma, 
where they branch and may anastomose with one another to 
form a network. The nervous system presents a somewhat 
similar condition, the bilobed brain (ce), usually situated near 
the anterior end of the body, giving off a number, usually six, 
of nerve-cords which become lost in a wide-meshed network 
ramifying through the body-tissues. Eyes are usually pres- 
ent, frequently in enormous numbers, and furthermore in many 
forms (Planocera) tentacles arise from the dorsal surface or 
else from the margin near the anterior end of the body. As 
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in the Triclads otocysts are wanting, nor have ciliated lateral 
depressions been described as occurring in the order. 


Little is known concerning the 
excretory system. The reproduc- 
tive system differs from that of 
the other orders in that the male 
and the female apparatus each 
possess a separate opening (¢ and 
9), there being no genital atrium 
common to both. Both apertures 
lie behind the mouth-opening, near 
the posterior end of the body, 
the male apparatus opening an- 
teriorly to the female. The former 
is similar in structure to what has 
been described for the Triclads. 
The female apparatus possesses 
no vitellarium, and the ovaries (ov) 
are very numerous, lying in the 
lateral parts of the body, their 
various ducts uniting to form wide 
canals which serve as uteri (wt). 
These open into a single tube, the 
vagina, which receives the secretion 
of the numerous glands (sg) which 
form the shell-gland. 

In some forms there is situated 
about the middle of the ventral 
surface of the body a muscular 
sucker which serves as an organ of 
adhesion. Since the presence or 
absence of this organ is in either 
case associated with the occurrence 
of other important structural pecu- 
liarities, the order has been divided 
into two suborders—the Cotylea, 
provided with a sucker (7'hysano- 


Fie. 74.—A PonycLaD TURBEL- 
LARIAN, Leptoplana alcindt 
(after LANG). 


ag = 
ce = 
00 = 
ph = 
sg = 
te = 
ut = 
od = 
vw = 


$,Q= 


accessory gland. 
cerebral ganglion. 
ovary. 

pharynx. 

shell-gland. 

testis. 

uterus. 

vas deferens. 

vesicula seminalis. 
mule and female orifices. 


zoon, Eurylepta), and the as in which it is absent 


(Planocera, Leptoplana). 
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Reproduction of the Turbellaria.—Non-sexual reproduction 
is not characteristic of the Turbellaria, though it occurs in cer- 
tain Rhabdoceels. In J/icrostoma a transverse partition, con- 
sisting of two closely-applied lamelle, forms, extending 
from the outer wall of the body to the wall of the digestive 
tract, which it constricts slightly without dividing. Later a 
constriction of the outer surface of the body appears, the 
two lamelle of the partition separate slightly, and the indi- 
vidual lying behind the partition develops a new mouth and 
pharynx and a new brain, so that it resembles exactly the 
anterior individual with which it is directly connected by the 
uninterrupted digestive tract. Before these processes are 
complete, however, they are repeated in each of the two indi- 
viduals, so that a chain of four imperfectly separated individ- 
uals results, and by further repetitions cf the process chains 
of 8, 16, or 32 individuals may arise, each provided with 
mouth, pharynx, and brain, the anterior individual possessing 
the original structures, and all connected by the digestive 
canal which runs uninterruptedly through the entire chain 
(see Fig. 28). Eventually the various individuals separate 
from ove another and become sexually mature. 

The sexual method, however, plays a much more important 
part in the life-histories of the Turbellaria. The development 
of the three lower groups has not as yet been as thoroughly 
investigated as is desirable, but the phenomena which occur 
in the Triclads, and especially in the Polyclads, have been fol- 
lowed. The Triclads deposit their ova in chitinous cocoons, 
which contain, besides the ova proper, large numbers of 
amceboid cells, originating in the vitellarium-pouches of the 
parent, and serving as food for the young embryo. In asso- 
ciation with this condition of affairs many peculiarities of 
segmentation and growth occur in the Triclad embryos, all of 
which must be considered as secondary adaptations. 

In the Polyclads, however, a more primitive state of affairs 
occurs, the food-yolk being incorporated with the protoplasm 
of the ovum, a more or less distinct irregular segmentation 
resulting from its telolecithal arrangement (p. 53). The 
diploblastic condition arises by an invagination either of the 
embolic or epibolic type, but at an early period of the segmen 
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tation the cells which are to form the mesoderm are separated 
off from those from which the ectoderm and endoderm are to 
be derived, so that even before the invagination all the three 
layers are represented. This, however, is to be regarded asa 
precocious segregation of the germ-layers, and even within the 
limits of the few forms whose embrology is known consider- 
able variations in the time and manner of the differentiation 
of the mesoderm occur. The result of the invagination is in 
some cases a solid, bilaterally symmetrical, ciliated embryo 
consisting of a layer of ectoderm enclosing a central mass of 
endoderm and mesoderm, in the interior of which a cavity ap- 
pears surrounded by the endoderm. A depression appears on 
the ventral surface, which, deepening, finally unites with the 
enteron and forms the pharyngeal pouch, and gradually the 
characters of the adult are assumed. ; 

In some forms whose ova are provided with comparatively 
little yolk the embryo leads from an early period a free-swim- 
ming existence, and in accordance with this a specialized 
form has been acquired and a slight metamorphosis is neces- 
sary for the conversion of this larva into the adult condition. 
In Stylochus the embryo develops into what is known as 
Goette’s larva, a bilateral ciliated structure with an auterior 
and posterior tuft of strong sensory hairs, while from the ven- 
tral surface on either side of the mouth 
there hang down two ciliated ear-like lobes 
or lappets. In another form (Z’hysanozoon) 
these lappets are much more developed, 
passing round to the dorsal surface of the 
body, and their edges are drawn out into 
four or eight lobes, one of which lies in 
front of the mouth and another on the 
dorsal surface, the other two or six lying 
at the sides of the body and being arranged 
symmetrically on either side. It seems pig 75.—Larva oF 
probable that this larva, known as Miiller’s Thysanozvon, Mil- 
larva (Fig. 75), may be traced back to a con- ee Taig tatter 
dition such as that described in Goette’s ; 
larva, the two lappets of that form having united in front of 
the mouth, while their lines of attachment have become more 
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and more oblique until what were originally the posterior 
edges of the lappets meet on the dorsal surface. The edges 
of the lobes of the lappets are fringed with long cilia, and 
consequently a lobed przoral band of cilia is produced. 
These larve pass into the adult form by gradually becoming 
more and more flattened dorsoventrally, the ciliated lappets 


or lobes at the same time growing smaller and smaller until 
they finally disappear. 

Relationships of the Turbellaria.—A relationship of the Turbellaria, 
especially of the Polyclads, with the Ctenophores has been advocated 
within recent years, and through this relationship genetic affinities with 
the Cnidaria have been sought. The question of the affinities of the Cteno- 
phores has already been discussed, and it has been pointed out that it is 
probable that, instead of being a connecting link between the Cnidaria and 
the Turbellaria, they are rather highly modified Turbellaria adapted to a 
pelagic life. In this sense the idea of a genetic affinity between the Turbel- 
laria and Ctenophores may be correct, though it seems probable that the 
Polyclad affinity should be given up and the relationship sought for among 
Alloioceelan forms. 

The Ctenophore-Polyclad theory necessarily viewed the Polyclads as the 
most primitive Turbellaria, and came into contact in this way with the 
more simple organization of the Acala, Allotocela, and Rhabdocela, a, 
difficulty which was avoided by assuming that these were degenerate 
groups derived from Polycladan ancestors. No good grounds for such an 
assumption exist however, nothing in the mode of life suggesting a cause 
for degeneration ; and until embryological evidence of degeneration is 
obtained, it is preferable to consider their simplicity primitive. 

This latter view is strengthened if it harmonizes with a probable phy- 
logeny. It has already been pointed out that the solid embryo or sterrula 
is to be recognized as an ancestral form of the Cnidaria. With such an 
ancestral form the Accla show affinities in the absence of a differentiation 
of the central mass into well-defined endoderm and mesoderm. The local- 
ization of a definite region for the ingestion of nutrition would lead to the 
formation of a mouth in the Sterrula, just as it has done in the [Vagellata. 
The differentiation of muscle-fibres from the mesendodermal cells would 
naturally f llow the assumption of a creeping habit, so that it is only the 
possession of a definite nervous system imbedded in the mesogloea (in which 
tissue, however, Cnidarian characteristics are yet discernible, as already 
pointed out) and the occurrence of a complicated reproductive apparatus 
that render a close comparison with the Sterrula difficult; but even the 
explanation of the presence of these structures makes fewer demands upon 
our ideas of developmeutal possibilities than does the assumption that the 
Acela owe their peculiarities to degeneration. 

Upon this view of the phylogeny the Acela are united with the Celen- 
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tera only through the Sterrula ancestor common to both, or more probably 
through an ancestor in which the mouth had developed, as well as a slight 
differentiation of muscle-fibres, but in which no hollowing out of an enteron 
had yet occurred. This appearing in a primitive accelan form gave rise to 
the Alloiocela from which two divergent lines of descent arose, one leading 
to the Rhabdoccels and the other to the Triclads and Polyclads. 

If this be the true phylogeny of the class, some evidence of it ought to 
be found in the embryological history of some of the higher members of 
the group in accordance with what is termed the Biogenetic law, which is 
to the effect that an individual in its development recapitulates more or 
less accurately its phylogenetic development, or, to put it more briefly, the 
ontogeny is a recapitulation of the phylogeny. Secondary modifications, 
especially in the form of the abbreviation or omission of certain stages, 
may intervene in the individual development, forming what are termed 
cenogenetic modifications, but notwithstanding exceptions produced in this 
way the law is of general application. 

In Stylochus the young larva is a solid body without any enteron and 
represents, therefore, an Accelan stage of development; later the central 
mass becomes hollowed out to form an enteron whose walls are not at first 
clearly marked off from the surrounding parenchyma, and a representa- 
tion of the Alloioccelan condition results, from which the Polyclad condi- 
tion gradually develops. Consequently in Stylochus the ontogeny indi- 
cates a primitive nature for the Ac@la, and agrees with the phylogeny 
which has been outlined above. It must be recognized, however, that all 
reconstructions of the phylogeny of the Turbellaria and all views as to 
their affinities to the Cnidaria must be accepted with much reservation, 
until the much-needed facts as to the developmental history of the Acela 
and Alloiocela are available. 


II. Crass TREMATODA. 


The 'Trematodes or Fluke-worms are throughout parasitic 
either upon the exterior of their hosts or in the cavities of 
their body, and in correspondence with this mode of life 
structures are developed by means of which they adhere to 
their hosts. These structures are of two kinds; in all suckers 
are present consisting of cup-like depressions whose walls are 
richly supplied with muscle-cells, by the contraction of which 
a vacuum is formed, and in many forms, in addition to these, 
chitinous hooks occur. The suckers vary in number from one 
(Monostomum) or two (Distomum, Fig. 76,) to several (Poly- 
stomum), and at the bottom of one situated at the anterior 
extremity of the body is the mouth-opening. This leads 
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into a tubular cesophagus whose walls are thickened near 
its anterior end to form a muscular pharyngeal bulb which 
functions as a pump for the ingestion 
of the nutritive fluids of the host. At 
its posterior extremity the cesophagus 
branches into two limbs which are con- 
tinued backwards, in some cases giy- 
ing off secondary branches, to near 
the posterior end of the body, where 
they either end blindly or unite together 
in the middle line (Polystomum) to form 
a loop. 

The body is covered by a distinct 
cuticle secreted by the ectodermal cells, 
which in the adult may undergo a con- 
siderable amount of degeneration, or 
probably in some cases the cuticle is 
formed in part by the transformation 
into chitin of the ectoderm. Spiny ele- 
vations of the cuticle are present in 

noides (from a drawing by Many forms, and the large chitinous 

C. LaNGENBECK). hooks which occur in many ectopara- 

sitic forms are but further developments of these structures. 
Below the ectoderm lies the usually thin basement-membrane, 
below which again lie the circular and longitudinal peripheral 
muscle-sheets, and between the intestine and these muscles is 
the parenchyma traversed by dorsoventral muscle-buudles 
and having imbedded in it the various organs. 

The nervous system (Fig. 77) consists of a transversely 
elongated ganglion lying dorsal to the cesophagus—usually 
between the bottom of the anterior sucker and the pharyngeal 
bulb. The ganglion is somewhat swollen at each extremity, 
indicating its origin by the approximation of two ganglionic 
masses, and from these thickenings nerves arise which pass 
both forward and backward. The anterior nerves are short 
and slender, and supply the musculature of the anterior 
sucker and the sides of the anterior end of the body, while 
the posterior nerves are much stronger and longer and vary 

- from two to six in number ; in the latter case four run along 
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the ventral surface of the body, two on each side of the mid- 
dle line, the other two having a more dorsal position, while 
when only two are present they correspond to the two more 
median ventral nerves of this 
arrangement. Sense-organsare 
but feebly developed as a rule, 
especially among the endopar- 
asitic forms, but in some ecto- 
parasites eyes are present con- 
sisting usually of four spots of 
pigment seated upon the brain- 
ganglion andsometimes provid- V8 
ed with a lens-like structure. 


te 
fl 


\ 
= Fie. 78.—ExcretTory SysTEM 
means oF TREMATODE, Distomum 
divergens (after FRarpont). 
A, entire system; JB, terminal 
G funnels. 
Ff = funnel. 
fl = flame of cilia. 
nm = main trunk. , 
ph = pharyngeal bulb. 
: 8 = anterior sucker. 
Fig. 77.—NeErvous System oF TRE- te = termiual cell. 


? 


MATODE, Zvristomum mole (after vs = ventral sucker. 
Lane). ot = contractile vesicle. 


The excretory apparatus (Fig. 78) consists, as is usual in 
the Platyhelminths, of two longitudinal, more or less irregu- 
larly twisted tubes (n) from which arise the funnel-bearing 
branches (f/f). A peculiarity of the Trematodes is, however, 
the union of the two longitudinal tubes in a terminal vesicle 
(vt) which opens to the exterior at the hinder end of the body 
by a single pore. 

The reproductive system is exceedingly complicated, though 
essentially similar to that of the higher Turbellaria. It opens 
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to the exterior by two pores lying close together on the ventral 
surface rather nearer the anterior than the posterior end. 
The male apparatus consists in the Polystomece of numerous 
closely-aggregated testes, or else, as in the Distomec (Fig. 76), 
of only two situated in the posterior half of the body; the 
ducts from the testes pass forwards towards the genital pore, 
near which they unite to form a sac-like seminal vesicle, 
from whose anterior end the single vas deferens is continued 
on towards the pore, passing in the latter part of its course 
through a muscular protrusible intromittent organ, the cirrus. 
The ovary is single, and its duct shortly after leaving it 
receives the ducts coming from two yolk-glands situated one 
on either side of the body, and is surrounded at about the 
same region by a shell-gland, consisting of a number of uni- 
cellular glands arranged in a radiating manner around the 
oviduct. Beyond its union with these ducts the oviduct 
either runs almost directly to the genital atrium, opening 
into it in close proximity to the cirrus, or else pursues a 
winding contorted course through the parenchyma and serves 
as a uterus or ootyp, within which the ova undergo a portion 
of their development. 


From the oviduct in the region where the ducts from the vitellaria and 
shell-gland open into it one or more canals may arise whose significance is to 
a certain extent problematical. In the Distomeze one such canal occurs, and 
when a seminal receptacle is present it stands in more or less close relations 
to this canal, known as Laurer’s canal, which, after a short course, opens to 
the exterior on the dorsal surface of the body. In some Polystomee two 
canals arise from the yolk-ducts and pass forwards parallel to the uterus 
to open by a number of pores situated on the margin of the body. These 
canals have been termed the vagina, and in some forms are represented by 
asingle canal. In addition to the vagina, however, another canal is pres- 
ent which has been shown in Polystomum and Sphyranura to open into 
the digestive tract, and has been homologized with Laurer’s canal of the 
Distomez. 

It seems pretty certain that the vagina of the Polystomes functions in 
copulation, the genital orifice of one Polystomum having been observed to 
come into contact with the vaginal openings of the other during that act. 
But the Laurer canals do not seem to have any such function, and it has 
been suggested that they may serve for the removal of surplus yolk- 
material produced in accordance with the favorable conditions for nutri- 
tion offered by the parasitic mode of existeuce of the Trematodes. 
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Two orders may be recognized as cequming in the Tre- 
matoda. 


1. Order Polystomee. 


The Polystomex are for the most part ectoparasites and 
present fewer signs of degeneration than do the endopara- 
sitie members of the class. The apparatus for adhering to 
their hosts is usually strongly developed, several suckers 
usually being present, as, for instance, three in Tristomum 
and seven in Polystomum integerrimum (the latter parasitic in 
the urinary bladder of the Frog), and in addition a number of 
chitinous hooks may occur, as in Gyrodactylus and Sphyranura 
(the latter parasitic on the skin of Menobranchus). In accord- 
ance, too, with their mode of life, sense-organs in the form of 
eyes and probably of tactile papillae on the skin occur, and 
furthermore the processes of development are much simpler 
than in the endoparasites, as will be seen later. 


Some peculiar anomalies occur in the life-histories of some of the Poly- 
stomee, as, for instance, in the Gyrodactylus, which lives upon the gills of 
the Carp. It is a viviparous form, and the young while still within the 
body of the parent may already have become mature and contain young 
likewise, which again may contain ova in course of development, four gen- 
erations being thus enclosed one within the other. Diplozoon, which lives 
likewise on the gills of Cyprinoid fishes, is peculiar in that at the time of 
sexual maturity two individuals become fused with one another in the 
form of an X, the fertilized ova giving rise to a single form formerly 
known as Diporpa. 


2. Order Distomez. 


This order includes endoparasites which show a more 
marked degeneration than do the members of the preceding 
order. Eyes may be present in the young but are abseut 
in the adult, and furthermore a very complicated metamor- 
phosis is passed through in the development. The suckers 
for adhesion to the host are either one (Monostomum) or 
two (Distomum), and as a rule no chitinous hooks are pres- 
ent. 


Among the more interesting members of this order are Distomawm 
hepaticum, a large form measuring 2-3 cm. in length and inhabiting the 
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bile-ducts of Sheep, in which it produces what is termed the ‘‘ Rot,” which, 
in the low-lying pastures of England and the Continent, is frequently the 
cause of the destruction of large numbers of sheep. In exceptional cases 
it has been known to occur in man. In Egypt, however, the Fellaheen 
are not unfrequently attacked by another form, Distomum haematobium, 
which is peculiar in that, contrary to the rule, the sexes are separated in 
different individuals. The margins of the body of the male are rolled 
inwards on the ventral surface, forming a tube within which the more slen- 
der female lives. Associated in pairs in this way, they are found in the 
blood of the portal vein and its connections and pass to the ureters and 
bladder, in whose mucous membrane they deposit their ova, thus pro- 
ducing an inflammation, accompanied by suppuration, of these organs. 


Development of the Trematodes.—The ova of Trematoda 
consist of two distinct parts, a germ-cell, the product of the 
ovary, surrounded by a mass of food-material, the secretion 
of the vitellaria, the whole being enclosed in a shell formed 
by the shell-gland. In the Polystomezx the development, as 
a rule, is entirely carried on outside the body of the parent, 
the stalked ova being attached to the body of the host, though 
Gyrodactylus is viviparous. In the Distomez, however, the 
reverse is the rule, the ova undergoing a certain part of their 
development in the uterus of the parent, and leaving the egg 
shortly after its extrusion as a larva, sometimes ciliated, 
sometimes provided in the place of the cilia with a structure- 
less cuticle, and furthermore in these endoparasites there 
occurs a remarkable alternation of generations of the kind 
already referred to as heterogony (see p. 61). 

The heterogony may be of various degrees of complexity. 
It begins, however, in all cases with the embryo (Fig. 79, 4), 
which may be a free-swimming ciliated organism provided 
with a short pouch-shaped intestine and with a mouth, and 
frequently possessing also a nervous system and pigment 
eye-spot as well as excretory tubes; in other cases, however, 
as stated, the embryo is destitute of cilia, usually in this case 
being provided with one or more spines at the mouth-end 
of the body, and all gradations of degeneration of the eye- 
spot and nervous system, as well as of the excretory tubes 
and digestive system, may be observed. In all, however, the 
space between the more or less developed digestive tract and 
the body-wall is occupied by numerous unspecialized cells 
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(gc), which are in reality germ-cells or ova capable of under- 
going a parthenogenetic development. Eventually this larva 
makes its way into the interior of an animal of some kind, 
usually a Mollusk, and there undergoes a further develop- 
ment, either retaining its digestive apparatus and elongating 
somewhat to form a fedia (Fig. 79, B), or becoming an oval 


Fie. 79.—A, Ciliated larva, and B, Redia of Distomum hepaticum (after Lruck- 
ART). 

d = intestine. m E moutb. 

ge = germ-cells. 7 = second generation of Rediz. 
sac without mouth or digestive tract, the Sporocyst. The 
Redia is a much more highly organized form than the Sporo- 
cyst and is frequently capable of motion, two blunt projec- 
tions near the hinder end of the body serving as supports in 
a somewhat similar’ manner to the sucker-like feet of cater- 
pillars. It adheres to the wall of a cavity of its host, from 
which by energetic action of its muscular pharynx it is able 
to absorb nutrition. 

From this stage onwards the development varies in com- 
plexity in various forms. It is simplest in Monostomum muta- 
bile, whose ciliated embryo, while still free-swimming, contains 
within it a small sexually immature Monostomum, and after it 
has made its way into the interior of its Molluscan host the 
young Monostomum becomes encapsuled in the tissues of its 
host. The mode of origin of this immature form has not as 
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yet been observed, but there is no reason for doubting that 
itis the result of the parthenogenetic development of one of 
the germ-cells which occur in the body-cavity of the embryo. 
So long, however, as it remains in the tissues of the Mollusk 
it undergoes no further development; it can only reach ma- 
turity in a second host, in this case some water-bird which 
swallows the Mollusk and its encapsuled parasite, when the 
latter, its capsule being dissolved by the digestive juices of 
the bird, is set free, fastens itself to the wall of some of the 
cavities of its host and becomes sexually mature. 

In this species of Trematode but two hosts are required 
in the life-history; in the majority 
of the Distomex a third occurs, an 
additional stage of development in- 
ph tervening between the Redia or Spo- 
rocyst and the encapsuled immature 
worm. The germ-cells of the Redia 
or Sporocyst while in the interior of 
the Mollusk develop into a form 
resembling an immature Distome, 
ev MALY Hh ery but provided with a mobile muscular 
: tail whose axis is formed by a fibrous 
rod resembling somewhat in appear- 
ance the Vertebrate notochord. Such 
an organism is known as a Cercaria 
(Fig. 80), and when fully developed 
the Cercaria brood leaves the body 
of the parent Redia or Sporocyst, 
makes its exit from the tissues of 
Fie. 80.—Cerearia armata the Mollusk and leads for a time 
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n = nephridial tube. like the first a Mollusk, and there 
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sp = spine. 


clas er nivel aun: losing at the same time its tail, and 


it reaches its maturity only after the 
Mollusk has been swallowed by the definitive host, as was 
the case in Afonostomum. 
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A still further complexity is found in the Liver Fluke, 
Distomum hepaticum. In this form the free-swimming embryo 
makes its way into the tissues of a small snail and there be- 
comes converted into a Sporocyst. The germ-ceils of the 
Sporocyst give rise by their development, not to Cercaria, . 
_as in the usual cases, but to Redizw, and these may give rise 
under certain conditions to a second brood of Rediz (Fig. 79, 
B,r’). During the summer, however, the Rediz produce Cer- 
cariz, which, leaving their host, swim about for a short time, 
and finally encyst themselves, not necessarily in a second 
Mollusk, but on grass or any other object with which they 
may come in contact, the tail at the same time being lost. 
If, now, these encysted forms are swallowed by a sheep, the 
young Distome makes its way to the bile-ducts of the host, 
where it becomes mature. 


The following schema by R. Hertwig will show the relationships of these 
different methods of development : 
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He Embryo. | Water. 4 Embryo. | Water. be Embryo. Water. 
Beg ee ee ee 
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onl H wi 

td 
He.2| Redize a 
ve 
we 
FI g@ | Cercariz. | Water. & | Cercariz. Water. 
Bt | =] 

S |Encapsuled S |Encapsuled ® |Encapsuled| II. Host or 

§ | Distome | 1 Host || & | “Distome [1 Host. | & |" pistome |on grass, ete. 

Oo ——_—<_|_ |_—__—_——_- o o 

o o o 

Mature Mature : Mature 
4 Distome II. Host =| Distome III. Host = Distome III. Host 


In a few Distomez a simplification more extensive than that repre- 
sented in the first columns of the schema occurs, as for instance in the 
genus Holostomum, whose embryo, after making its way into the body of 
the first host, seems to be gradually metamorphosed into the immature 
Distome, without any alternation of generations. 

A very peculiar life-history is found in Distomum macrostomum, which 
is parasitic in insect-eating birds. The Sporocyst is found in a snail, and 
is peculiar in that it assumes a branching form, the branches forming a 
network among the tissues of the host. In the ends of filaments of the net- 
work young Distomes develop without the intervention of a Cercaria stage, 
and by their development and its own growth the terminal branches be- 
come of a considerable size, two of them extending into the tentacles of 
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the snail, which thus become enormously distended. The club-shaped 
structures so formed are abundantly supplied with muscle-fibres, and by 
rigorous movements finally burst the distended wall of the tentacle, and 
separating from the Sporocyst fall to the ground. There they move 
about, resembling an insect larva in general appearance, a resemblance 
increased by banded markings of green and white, which render them very 
conspicuous, and they are apt finally to be snapped up by some bird, in 
whose digestive tract the young Distomes are set free and become mature. 

There can be little question but that the simple metamorphosis of the- 
Polystomee represents the original method of development of the Trematoda, 
the heterogony characteristic of most Distomee being a secondary acquisi- 
tion developed in accordance with their endoparasitism. An idea of the 
mode in which this alternation of generations has been brought about is 
furnished by such forms as Gyrodactylus, in which the development of the 
ovum takes place within the body of the parent, the young in their turn 
developing embryos before being born (see p. 147). This acceleration of 
sexual maturity, accompanied by parthenogenesis, has brought about the 
condition seen in the Sporocyst or Redia, which are embryos provided with 
ova capable of parthenogenetic development. Thus fundamentally the 
heterogony is a pedogenesis (see p. 60), and may be compared, in a gen- 
eral way, with the formation of a hydroid colony by the budding of a 
medusa, larva. 


III. Crass CEsTopa. 


Like the Trematoda the members of this class are para- 
sites, but are throughout endoparasites, and present a much 
greater degeneration of structure than is found in the Disto- 
mez, accompanied by peculiarities of development differing 
somewhat from what occurs in these forms. The Cestodes 
or Tapeworms lack all trace of a digestive tract and of a 
mouth, living in their mature state attached to the wall of the 
digestive tract of their host, and immersed in the nutritive 
fluids contained in the intestine. 

In some torms, such as Caryophylleus (Fig. 81, A), para- 
sitic in the intestine of Cyprinoid fishes, the similarity to a 
Trematode is very striking, except in the absence of suckers 
for adhesion and of a digestive tract. The worm consists of a 
somewhat dilated head, succeeded by anarrower portion which 
may be termed a neck and gradually enlarges to the rather 
cylindrical body, which contains a single set of reproductive 
organs. In Ligula, which is found in the intestine of aquatic 
birds, there is likewise an absence of suckers, but the repro- 
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ductive organs are present in several sets succeeding one an- 
other, without any external indications of a reduplication of 
parts. In Zricnophorus the multiplication of the sets of re- 
productive organs is indicated, however, externally by indis- 
tinct constrictions of the body, an indication of a tendency 


Fie. 81.—A, Caryophylleus mutabilis (after Stain); B, Tenta saginata (after 
Leuckart); C, anterior end of 7. saginutu (after Leuckarn), 


od = oviduct. od = vas deferens. 
ov = ovary. ot = yolk-glands. 
t = testis. vid = yolk-duct. 


vs = vesicula seminalis. 


for the individual to separate into a number of parts, each 
possessing a certain amount of individuality. This tendency 
reaches its highest development in such forms as Bothrio- 
cephalus and Tenia (Fig. 81, B), which consist of an anterior 
portion, the Scolex (Fig. 81, C’), provided with organs of adhe- 
sion in the form of suckers, accompanied or not by chitinous 


154 INVERTERRATE MORPHOLOGY. 


hooks and followed by a varying number of segments or pro- 
glottides, each possessing a set of reproductive organs and cap- 
able of separating from its fellows, maintaining for a time an 
independent life. The proglottides towards the hinder end 
of the chain or strobila are the most advanced in development, 
and one after another drop off and’pass to the exterior of the 
host’s body with the feces; more anteriorly the proglottides 
are sexually immature, and still nearer the scolex they are to 
be found in various stages of formation. In fact the hinder 
end of the scolex may be regarded as a zone of growth, new 
proglottides being successively formed at this region. The 
process of proglottid formation resembles not a little what 
has been described as the non-sexual reproduction of the Dis- 
comeduse, the scolex corresponding to the parent Scyphos- 
toma and the proglottides to the Ephyre, the entire aggre- 
gation in both cases being termed the Strobila. 

The exterior of the body of a Cestode is formed by a cuti- 
cle without any trace of cellular structure, and is perhaps to 
be regarded as a basement-membrane, the ectoderm, originally 
present, having disappeared. The cuticle varies much in 
thickness, and is throughout traversed by fine pores which 
allow of the absorption into the body substance of the nutri- 
tive fluids in which the Tapeworm lives, either directly or 
by permitting the passage to the exterior of fine protoplasmic 
processes from the subjacent tissue. Special developments 
of the cuticle in the form of chitinous hooks are frequently 
present, arranged in some Tenias, for example, in a double 
circle upon a prominence, the rostellum, at the apex of the 
scolex, and forming a very efficient means of attaching the 
worm to the wall of the intestine of its host. Beneath the 
cuticula there is to be found a very thin muscular layer, the 
peripheral musculature, but the main bulk of the muscula- 
ture consists of those fibres which traverse the parenchyma. 
These, especially the longitudinal and transverse ones, are 
massed into strong bands, the former lying usually exterior 
to the latter, and both enclosing a central mass which is tray- 
ersed by weaker bundles of dorso-ventral muscles, and con- 
tains the reproductive apparatus. 

In connection with the muscular system may be men- 
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tioned the suckers which frequently occur upon the scolex, 
and serve with the hooks, when these are present, to attach 
the parasite to its host. In Tenia these suckers are four in 
number, and have the form of circular depressions whose 
walls are richly supplied with muscle-fibres, while in Bothrio- 
cephalus they have the form of elongated grooves, situated on 
the edges of the somewhat flattened scolex. 

As might be expected from the great development of the 
muscles, a well-defined nervous system is present. It consists 
of a brain lying imbedded in the tissues of the anterior por- 
tion of the scolex, evidently composed by the union of two 
ganglionic masses and giving rise to two main nerve-cords, 
which pass backwards through the entire length of the 
strobila without interruption (Fig. 82, ). So, too, the excre- 
tory system (Fig. 82, ne) extends through the entire strobila 
uninterruptedly. It consists of two nephridial tubes, which 
in the anterior part of the scolex may be united by a cross 
branch, as they are at the posterior edge of each proglottid, 
and open to the exterior by a pore situated at the centre of 
the posterior edge of the last proglottid. As each proglottid 
separates from the chain, a new pore forms in the one pre- 
ceding it, which becomes the terminal one, so that an opening 
for the system is always present. 

The reproductive system (Fig. 82) possesses a complexity 
similar to what has been described for the Trematoda, and 
hermaphroditism prevails throughout the class. In the stro- 
bilar Cestodes each proglottid contains a complete set of 
organs, both male and female; the testes (Fig. 82, te) are 
usually very numerous, consisting of small spherical masses 
scattered through the parenchyma, each being provided with 
a small duct, which after a short course unites with similar 
ducts coming from other testes, all finally uniting to a 
single vas deferens (vd), which opens to the exterior after 
passing through a muscular organ, the cirrus-sac, by the con- 
traction of which its terminal portion, often provided on its 
inner surface with barbed hooks, is protruded to the exterior 
as an intromittent organ or cirrus (c). The female apparatus 
varies somewhat in its arrangement. Inthe majority of forms 
the ovary is a bilobed organ (ov), lying near the posterior 


156 INVERTEBRATE MORPHOLOGY. 


end of the proglottid. The oviduct soon after leaving 
the ovary unites with the yolk-duct (vid) coming from the 
albuminous vitellarium (v2), which consists of a number of 
glands scattered through the parenchyma similarly to the 
testes. At the point of union with the yolk-duct the oviduct 


Fic. 82.—ProGLottrip or Tenia filicollis (after KRaruer). 


¢ = cirrus. te = testis. 
nm = nerve. ut = uterus. 
ne = excretory canal. va = vagina. 
ov = ovary. od = vas deferens. 
sg = shell-gland. ot = yolk-gland. 


vid = yolk-duct. 


enlarges, receiving at the enlargement the secretion of a num- 
ber of unicellular glands composing the shell-gland (sg). 
From this enlargement two tubes arise: one, the vagina (va), 
runs almost directly forward to open into a chamber, the 
genital atrium, which contains also the cirrus-sac and com- 
municates directly with the exterior; while the other, the 
uterus (ut), after a somewhat convoluted course opens inde- 
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pendently to the exterior a little behind the genital pore. 
The vagina serves as a duct for the spermatozoa during 
copulation, and corresponds with the canals opening at the 
sides of the anterior end of the body in the Polystomes (see 
p. 146), while the uterus serves for the retention of fertilized 
and mature ova. In Bothriocephalus the opening of the genital 
pore is in the middle line of one of the surfaces of the pro- 
glottid ; in Tenia, however, it occurs on the lateral margin of 
the proglottid, and in some cases each proglottid may have an 
opening in each of the lateral margins, there being a duplica- 
tion in such cases of the genital ducts. Furthermore, in the 
Tenias the vitellarium is much less voluminous than in 
Bothriocephalus, and produces an albumen-like secretion in- 
stead of yolk-cells, and in addition the uterus has no special 
opening to the exterior and is relatively small, though it may 
become fairly voluminous by its walls being pushed out into 
pouch-like sacculations by the contained ova. 

Development of the Cestoda.—Accompanying the differences 
in the arrangement of the reproductive apparatus differences 
in the development are found in the two groups. In Bothrio- 
cephalus (taking this form again as the example of the one 
group) the egg is richly provided with yolk-cells, among 
which the germ-cell lies imbedded. The embryo leaves the 
egg in the form of a spherical ciliated body, provided with 
six chitinous hooks, arranged more or less distinctly in pairs. 
After swimming about for a time the cilia and their cells are 
thrown off, and the six-hooked embryo makes its way into the 
body of the first host, where it becomes enclosed in a thin 
cyst, within which it develops directly to a scolex. If this 
be swallowed by the second host, the worm fastens itself to 
the walls of the digestive tract, and soon develops to the 
sexually mature strobila. 

In the Tenias, however, the ova are much smaller, the 
yolk-cells being replaced by an albumen-like substance, 
relatively small in amount, and the embryos when they hatch 
out are destitute of cilia, resembling the six-hooked embryo 
of Bothriocephalus after it has lost its ciliated covering (Fig. 
83, A). In this condition it makes its way into the primary 
host, in whose tissues it becomes encysted, and develops in 
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some forms, such as the Tenia cucumerina of the dog, whose 
primary host is the Dog-tick, into a Cysticercoid. This resem- 
bles a scolex, whose head has been withdrawn into and enclosed 
by the body,and when it is swallowed by the secondary host, the 
dog in the instance cited, the head is pushed out, fastens itself 
to the wall of the digestive tract, and begins to grow and form 
proglottides. In other cases, however, the posterior part of the 
scolex into which the head is retracted becomes enormously 
swollen by the accumulation of fluid within it, forming a large 
vesicle, into the interior of which the head projects, having 
become completely invaginated. Such a form as this is 


Fig. 83.—A, six-hooked embryo of Tenia, B, diagram of Cysticercus ; C, 
diagram of Cenurus; D, diagram of Behinococcus. 


termed a Cysticercus (Fig. 83, B); when it is swallowed by the 
secondary host the head evaginates, and the cyst remains for 
some time attached to the hinder end of the scolex, but later 
disappears, and the formation of the proglottides occurs. 
Further modifications arise by the formation in the wall of the 
cyst of not only one but several invaginated heads, forming 
the Cenurus (Fig. 83, C); or even secondary cysts may arise 
from the inner wall of the original vesicle, and each of them 
may develop several heads, forming what is known as the 
Echinococcus (Fig. 83, D). 


Several of the Cestoda are especially interesting from a medical stand- 
point, inasmuch as they are parasitic in man either during the adult or the 
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larval stage. Among these may be mentioned Bothriocephalus latus, which 
occurs in the human intestine, where it may reach a length of as much as 
12 metres, in such cases consisting of many thousand proglottids. These 
may readily be recognized by the convoluted uterus, and by the open- 
ings of the reproductive organs on the median line of one of the flat sur- 
faces, while the head is characterized by being flattened, and provided 
on the margin with two elongated suckers. The ova give rise to a ciliated 
larva which becomes transformed into the six-hooked embryo, this latter 
making its way into the tissues of certain fish, which serve as the first host. 
Man becomes infected with the worm by eating improperly cooked or salted 
fish, the Pike being the more usual primary host, though this part may also 
be played by other forms. 

The genus Zenia furnishes two human parasites. The genus is char- 
acterized by the head being provided with four circular suckers, as well as 
in some cases with one or more crowns of hooks ; the genital pore is situ- 
ated upon the margin of the proglottids, and the uterus is a straight tube 
with a varying number of lateral transverse pouches. 

Tenia solium is by far the most frequent tapeworm of man, and may 
reach a length of 3-34 metres, and consist of 800-900 proglottides. The 
head, in addition to the four suckers, is provided with a rostellum bearing 
a double crown of from 26-28 hooks. The proglottids are about 5 mm.. 
broad and 10-12 mm. long, and the uterus has 7-9 stout lateral pouches. 
The Cysticercus state of this worm occurs in the muscles of pigs, whence: 
man becomes infected by eating improperly cooked or salted pork. It 
measures 8-10 mm., and possesses when imbedded in the muscles an ellip- 
tical shape, its long axis being parallel with the long axis of the muscle 
fibres. In addition to its occurrence in swine muscle, however, it has also 
been found occasionally in man, encysted in the muscles, brain, or eye. 
The source of the infection of man is, in many cases at least, cress, lettuce, 
and such articles of food which have been watered with liquid manure 
containing the fertilized ova of the worm. The six-hooked embryo encysts 
itself in the tissues named, and man becomes the intermediate host of the. 
worm. 
Tenia saginata, also known as 7’. mediocanellata, is of less frequent, 
occurrence than 7’. solium, from which it is easily distinguished by its 
greater length, 7-8 metres, and by the greater number of proglottids,. 
1200-1800. The head has no rostellum or crown of hooks, and the pro- 
glottids are recognizable by their size, measuring 5-7 mm. in breadth and 
18-20 mm. in length, and also by the lateral branches of the uterus being 
slender and 20 or 30 in number. The Cysticercus occurs in the muscles or 
occasionally in other organs of cattle, improperly cooked beef being the. 
source of infection for man. 

In addition-to being occasionally the intermediate. host of 7. soliwm, 
man may also be the host of the Echinococcus of 7' echinococcus, a small 
worm about 4mm. in length and with only three proglottids, which occurs 
in its adult state in the intestine of the dog. The ova may be received into 
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the human digestive tract by fondling, and especially by kissing, infected pet 
dogs, and the six-hooked embryo makes its way to the liver, lungs, brain, 
or other organs, where it becomes encysted, producing tumors which, 
especially in the liver, may reach a great size and a weight of from 10 to, 
in some cases, 15 kilogrammes. 

Domestic animals are also apt to be infected with Cestodes in addition 
to those already mentioned, occasionally with fatal results. This is es- 
pecially the case with sheep, in whose intestine 7. eapansa may develop in 
such numbers as to occlude the lumen, and cause death, especially in young 
1ambs. A Ccenurus also occurs occasionally encysted in the brain of sheep, 
producing a disease known from its symptoms as the ‘‘ staggers,” which 
may likewise result fatally. 

The Relationships of the Cestodes.—In considering the affinities of the 
Cestoda, the nature of the strobila, so far as its individuality is concerned, 
must be inquired into. Two views upon this point are open. The older 
one regards the Cestode as a colony, considering each proglottid an indi- 
vidual equivalent to the scolex, and the process of strobilation one of 
reproduction by budding. On this view the strobila is exactly comparable 
to the Scyphostoma strobila, the scolex corresponding to the Scyphostoma 
base and the proglottids to the Ephyrz. There is undoubtedly much to be 
said in favor of such a view which regards the reproduction of the Cestoda 
as a process of alternation of generations, but at the same time it must be 
recognized that the buds or proglottids are not reduplications of the parent 
bud as is the case with Microstoma, where the budding individual has the 
adult form. In the Scyphostoma strobila the buds do differ from the 
parent which gives rise to them; but the Scyphostoma is a larva which 
gives rise by budding to the adult form, and is comparable rather to the 
Cysticercus than to the scolex of the Cestode. Non-strobilating Scyphos- 
tomas become medusex, but the scolex never becomes a proglottid, and 
the latter cannot be considered the terminal stage of the life-history in the 
same sense as a medusa is. The nervous system of the entire Cestode 
strobila centres in the brain of the scolex, the various proglottids never 
developing independent brains, the reproductive organs being practically 
the only organs which are reduplicated in successive buds. 

According to the second view the strobila is an individual, and the 
strobilation is regarded as a culmination of the reduplication of organs 
seen in many forms, but more especially in the Nemerteans (q.v.). This 
view receives strong support from the occurrence of such forms as Cary- 
ophylieus, Ligula, and Trienophorus, described on a preceding page, in 
which may be seen successive gradations of strobilation, beginning with a 
simple reduplication of the reproductive apparatus in Ligzwla, this redupli- 
cation being accompanied in Trienophoris by a tendency for the body to 
constrict into parts, each of which contains one of the sets of reproductive 
organs. 

The choice between these two views hinges upon the question of indi- 

Y viduality. The individuality of either Ligula or Triwnophorus can hardly 
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be questioned, and there is no reason for regarding a Tenia for instance 
as an individual belonging to a higher grade than either of these—a view 
which the first and older theory implies, since it regards a Tenia as a 
colony of equivalent individuals. Such a form as Caryophylleus is an 
aggregate of individualities of a lower grade, organ-individuals ; and just 
as the cell-individuals composing these may divide, so the organs, or 
rather the embryonic masses of cells destined to give rise to them, may 
bud, producing a reduplication of organs. This reduplication may occur 
in one or more organs; in the Accela among the Turbellaria it affects only 
the testes, in the Alloioccela it affects both ovaries (the vitellaria being 
originally parts of the embryonic mass which gives rise to the ovaries) and 
testes, and in the Rhabdoccela it affects only the ovaries. In the Cestodes 
the entire reproductive apparatus is reduplicated in this manner, a series 
being produced, and secondarily a tendency for each member of the 
series to be capable of separation from its fellows has come about owing to 
the greater certainty it gives for the perpetuation of the species. A cer- 
tain amount of individuality of the proglottids is thus brought about, but 
at the same time the process of strobilation cannot accurately be termed a 
process of non-sexual reproduction by budding, since the proglottid indi- 
viduals are not quite of the same grade of morphological individuality as 
Caryophylleus, which the scolex represents. Both views are correct to a 
certain extent : the strobilation is a budding off of individuals from the 
scolex, but of individuals of a lower grade ; and the entire strobila is in 
reality an individual comparable to Caryophylleus or a Trematode. 

Considering, then, the strobila as a metamere-individual, what are the 
affinities of the Cestodes? They seem to have been derived from Trema- 
todes, the simpler forms without reduplication of the reproductive organs 
being capable of being regarded either as Trematodes without a digestive 
tract or as Cestodes without any indications of strobilation. If this be true, 
indications of their affinity should appear in the life-history in accordance 
with the biogenetic law. One interesting form deserves mention in this 
respect—Archigetes, which occurs in certain Annelids. It is a Cestode 
without reduplication of organs and provided with a tail, similar in a gen- 
eral way to that of a Cercaria. Certain facts in its life-history seem to 
indicate that Archigetes is comparable, not to an adult Cestode, but to a 
Cysticercus which has become sexually mature, and it might be expected 
that similarities to the Trematode Cercaria might be found in Cysticerci. 
Recently such similarities have been shown to exist in certain Cysticer- 
coids: a tail-like appendage, which later separates and degenerates, has 
been described as occurring at this stage of the development ; and further- 
more it has been suggested that the cavity of the Cysticercoid into which 
the head is invaginated may be equivalent to the Trematode intestine, later 
on becoming obliterated by the growth of the parenchyma. The evidence 
at present available points, then, to a derivation of the Cestode from the 
Trematodes, and from Trematodes in which the Cercaria-stage had already 
been established. 
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IV. Crass NEMERTINA. 


The three preceding classes show marked evidences of 
genetic affinity, the characteristic differences of structure in| 
the Trematodes and Cestodes being due to the parasitic 
habits of these forms. The Nemerteans, on the other hand, 
though apparently tracing descent from a Turbellarian-like 
ancestor, show a marked advance in structure, and must be 
regarded as organisms of a considerably higher grade than 
the other Platyhelminths. 

They 2 are for the most part marine, though a few forms 
inhabit fresh water or even damp earth, 
and are usually elongated ribbon-like 
forms, reaching a length, in some cases, 
of several centimetres. The body is ex- 
ternally unsegmeuted, though a more or 
less marked metamerism of the internal 
organs, due to their repetition at definite 
intervals, may be present. The ectoderm 
of the body resembles that of the Tur- 
bellaria in being throughout ciliated, and 
rests upon a basement membrane, which 
in some cases contains cells. Within 
the membrane are a varying number of 
muscle layers, differentiations of the 
outermost portions of the mesodermal 
tissue, which in the form of a parenchyma 
occupies the interval between them and 
Fia.84,—AwrertorPor- the digestive tract. This (Fig. 84, d) is 

TION oF NemervEan, an almost straight tube, except in the 
ce = cerebral ganglion. genus AMalacobdella, and is pushed out on 


eg = ciliated funnel. each side into sac-like pouches, which 
d = intestine. 


oo = eves, are arranged in some cases with a 
ov = ovary. regularity of succession almost meta- 
pr = proboscis. meric. It opens to the exterior at the 


rm = retractor muscle of 
proboscis. 


anterior end of the body by the mouth, 
a short non-muscular cesophagus inter- 
vening between the intestine proper and that opening; and 
at the other end of the body is a second communication with 
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the exterior, the anus, an opening unrepresented in other 
Platyhelminths. The digestive tract is no longer a blind 
sac, but has the form of a tube, as in all the higher types. 

In the anterior end of the body, above the digestive tract, 
is a structure, the proboscis (Fig. 84, pr), essentially peculiar 
to the Nemerteans, although indications of such an organ are 
to be found in the Rhabdocela. It consists of a closed tube, 
the proboscis sheath, with muscular walls, imbedded in the 
body parenchyma and extending backwards in some cases 
almost to the end of the body, and within it lies the proboscis, 
also a tube, united to the wall of the sheath near its anterior 
end and in fact closing it at that region. From this line of 
attachment the proboscis stretches back in the cavity of the 
sheath, the space between it and the walls of the sheath being 
filled with fluid. It is a simple invagination into the cavity 
of the sheath of the external body-wall, whose musculature 
as well as ectoderm are continuous with that of the proboscis. 
From the tip of the invagination a band of muscle fibres, 
forming the retractor muscle (rm) of the proboscis, passes to 
the wall ot the body. By the contraction of the muscular 
walls of the sheath the fluid contained in its cavity forces the 
proboscis to be evaginated sometimes with sufficient force 
to tear itself loose from its line of attachment; but should 
this accident not happen, the proboscis can be reinvaginated 
by the contraction of its retractor muscle. The function of 
this organ is doubtful. In some cases it is undoubtedly a 
weapon of offence and defence ; but it seems not improbable, 
from its rich nerve-supply and from the probable function of 
its prototype in the Rhabdoceela, that in some cases at least 
it may be a tactile organ. 

A well-developed nervous system is always present, though 
it may show in some cases, as Carinella, the primitive character 
of being still imbedded in the ectoderm or else lying immedi 
ately beneath it. In other cases, however, as Cerebratulus, it 
is enclosed in the muscles of the body-wall or may even be 
completely within them, imbedded in the parenchyma. It 
consists in its most usual form of two ganglionic masses 
(Fig. 84, ce) from which short nerves pass forwards and which 
are united by two transverse commissures, one of which passes 
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over or in front of the cesophagus, while the other arches 
from one ganglionic mass to the other over the proboscis 
sheath. Each ganglion is bilobed, the smaller posterior 
lobe being in some cases united to the larger one by a rela- 
tively thin band of nerve-tissue so that it appears to be 
almost independent. From the larger lobe of each side a 
nerve-cord passes towards the posterior end of the body, 
where the two may unite to form an arch passing over the 
posterior part of the intestine. In addition to these a third 
nerve originating from the commissure passing over the pro- 
boscis sheath and running backwards in the median dorsal 
line is frequently present as well as, in some forms, another 
nerve running along the dorsal wall of the proboscis sheath, 
to which it sends branches. In many forms, such as Cerebrat- 
ulus, a fine plexus of nerve-tissue, lying between the muscle 
layers of the body-wall, unites the three main nerve-cords, 
some of the strands of the plexus being sometimes larger 
than the others and forming circular commissures between the 
nerve-cords; in Tetrastemma and Amphiporus, for example, 
these circular commissures may be strongly developed and 
have an almost metameric arrangement, the general plexus 
being in such cases wanting. 

Eyes (Fig. 84, oc) are present in some forms occasionally 
in considerable numbers, but are frequently wanting, and oto- 
cysts occur but seldom. The lateral ciliated grooves which 
occur on the sides of the head of some Rhabdoccela reach in 
the Nemerteans a high development (cg), in some forms, e.g. 
Cerebratulus and Tetrastemma, becoming ciliated funnels of some 
length, whose inner ends are imbedded in the substance of the 
posterior lobe of the brain. An olfactory function has been 
assigned to these organs, though some authors have consid- 
ered them mainly respiratory. 

The excretory system consists of a longitudinal canal on 
each side in the anterior portion of the body, sometimes re- 
placed by a network of canals, which opens to the exterior by 
one or more ducts leading to pores situated on the margin of 
the body. In some cases these lateral ducts and the pores 
may be quite numerous and, like the intestinal pouches and the 
circular nerve-commissures, may have a somewhat metameric 
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‘arrangement. The various terminal branches of the nephridial 

tubes are club-shaped and closed, a flame of cilia projecting 
from the closed end into the lumen of the tube. The canals 
and tubes are lined with ciliated cells, and are therefore inter- 
cellular and not intracellular, i.e.,do not perforate cells, differ- 
ing in this respect from the nephridia of other Platyhel- . 
minths. 

The blood-vascular system is peculiar to the Nemertea 
among Platyhelminths, and consists in the simple forms, such 
as Carinella, of two lateral vessels which anteriorly open into 
lacunar spaces without definite walls. In the more highly 
organized forms, however, three longitudinal trunks, two 
lateral and one dorso-median, are present with definite and 
sometimes muscular walls, and unite in a |-shaped manner 
at the posterior end of the body, while in front they may 
either open into a system of lacuna, or, as in Tetrastemma, 
unite with each other as they do posteriorly, a perfectly closed 
system thus resulting. Transverse connecting branches be- 
tween the dorsal and lateral vessels occur in regular succes- 
sion, a metamerism being again suggested. The blood-vessels 
and lacune contain a fluid in which float round or elliptical 
corpuscles, which in some of the higher forms have a red 
color, due to the presence of hemoglobin. No heart or 
special contractile organ is present, the blood being driven 
through the vessels, without any definite direction, by the 
movements of the body. 


The occurrence of a blood-vascular system in the Nemerteans and its 
character in the lowest members of the group suggests a mode of origin for 
the system which agrees well with what may be deduced from embryological 
observations on other forms. It may be supposed that in the primitive 
Nemerteans a system of spaces filled with fluid existed, in which cells derived 
from the parenchyma floated. These spaces would represent a simple 
eolom, and were lacunar in character, lacking definite walls, the cir- 
culation of the fluid they contained being very irregular. In time the 
spaces along the sides of the body might arrange themselves in a linear 
manner, and might acquire definite walls, the rest of the spaces remaining 
lacunar, when a condition resembling that in Carinella would ensue, the 
arrangement found in higher forms resulting from the conversion of the | 
remaining lacunar spaces into vessels with definite walls. 

According to this view the blood-vascular system is to be regarded as 
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in reality a portion of the celom separated off for a special purpose, and 
other instances bearing the same significance will be noticed later. 

The reproductive system differs from that of the other 
Platyhelminths in its much greater simplicity, no vitellaria or 
shell-cland being present, and furthermore the Nemerteans 
are almost without exception of separate sexes. The ovaries 
(Fig. 84, ov) or testes are present in considerable numbers, 
one lying in each interval between two lateral diverticula of the 
intestine, so that they partake in their arrangement of the 
more or less pronounced metamerism of that organ. Between 
the intestine and the genital masses there is in some forms a 
distinct cavity, or coelomic space, and at the time of maturity 
a separate communication with the exterior forms for each 
ovary or testis. 

The class Nemertina may be divided into four orders, 
whose chief characteristics may be briefly stated, having been 
for the most part already described. 


1. Order Paleonemertini. 


To this order belong the genus Carinella and allied forms, 
all characterized by structural peculiarities which are to be 
regarded as primitive. The lateral ciliated organs are, as in 
the Rhabdocosla, mere grooves, not being continued inwards 
to the brain in the form of a funnel; and furthermore the 
nervous system is either imbedded in the ectoderm or lies 
immediately below it. To these characters may be added the 
more or less lacunar nature of the blood vascular system, and 
the communication, in some cases, of the nephridia with it. 


2. Order Schizonemertini. 


In the Schizonemertini the ciliated funnels are well devel- 
oped, and the nervous system is imbedded in the muscular 
layers of the body-wall; and though the nerve-cords are still, 
as in the preceding order, united by a plexus, nevertheless 
there are indications of a development of commissural con- 
necting nerves. The blood vascular system is still lacunar 
anteriorly, though posteriorly three well-defined vessels are 
present. The genus Cerebratulus belongs here. 
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3. Order Hoplonemertini. 


This order, which includes the genera Tetrastemma and 
Amphiporus mentioned above, has, like the preceding order, 
ciliated funnels as lateral organs, and the nervous system lies 
completely within the muscular layer of the body-wall and 
the nerve-cords are united by transverse commissures, the 
plexus being wanting. The blood vascular system is a closed 
series of tubes, not communicating with lacunar spaces. The 
most striking characteristic of the order is, however, the 
structure of the proboscis, which is armed near its posterior 
(that is, while invaginated) end by one or more dagger-like 
spines or stylets. The most posterior portion is not capable 
of being evaginated, and its walls are glandular, secreting a 
poisonous fluid which is poured into the more anterior por- 
tion of the tube, bathing the stylets and thus being carried 
into the wound which may be made by the forcibly evaginated 
proboscis with the stylets coming into contact with the body 
of the prey or enemy. 


4, Order Malacobdellina. 


This order contains a single genus, Malacobdella, which is 
found in the mantle-cavity of marine Lamellibranchs, such as 
the common Mussel and Clam. It resembles the Hoplonemer- 
tint in many particulars, but is destitute of lateral ciliated 
organs, and its proboscis possesses no stylets. The intestine 
is a convoluted tube without lateral diverticula, and the hind 
end of the body is provided with a sucker. 


Development of the Nemertina.—In some Nemerteans, such as Tetra- 
stemma and Malacobdella, the young worm leaves the egg in the form of a 
cylindrical ciliated larva, usually provided at the extremities of the body 
with bunches of longer cilia, which may possibly be sensory in function, 
and gradually changes without any marked metamorphosis into the adult 
form. The mouth opens upon the ventral surface of the body into a re- 
tort-shaped digestive tract which in early stages possesses no anus—this 
structure only appearing much later. In many forms, however, a peculiar 
metamorphosis occurs during the transformation of the larva, known from 
its first describer as Desor’s larva, into the adult. On the ventral surface 
of the body there appear four invaginations of the ectoderm, two situated in 
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front of the mouth and two behind it, which gradually separate from the 
ectoderm to form four single-layered plates lying immediately beneath it. 
By a subsequent growth and fusion of these plates a new ectodermal ‘cover- 
ing is formed enclosing the internal organs, and on its completion the orig- 
inal larval ectoderm is thrown off. In some species a somewhat more com- 
plicated process occurs. The larva, known as the Pilidiwm (Fig. 85), has 
the shape of a helmet from whose rim two ear-like lappets hang down, be- 


Fia. 85.— Pilidium Larva (after SALENSKY). 
ap = apical plate. m = mouth. s& = digestive sac. 


tween which lies the mouth-opening (m), while at the apex of the helmet 
there is an ectodermal thickening (ap), nervous in character, from which 
projects a bunch of strong sensory cilia. Asin the Desor larva four invagi- 
nations of the ectoderm of the ventral surface occur, which, however, sepa- 
rate from the larval ectoderm as four hollow sacs which unite together, 
their inner walls thickening to form the ectoderm of the young Nemertean, 
while the outer walls become thin and form what is termed the amnion sur- 
rounding a cavity within which lies the young worm. During the process 
of fusion of the four sacs the enteron (8) and a portion of the mesoderm 
of the Pilidium are enclosed and give rise to the digestive tract and meso- 
derm of the young worm, which later breaks through the amnion and 
Pilidium wall to become free. 

The significance of this metamorphosis is decidedly obscure. Some 
authors regard it as more primitive than the direct method of development, 
on the ground that the Pilidiwm with its lappets presents general simi- 
larities to the Miillerian larva of the Polyclades and is derived phylogeneti- 
cally from such a form, being therefore more ancestral in its eharacters 
than the simpler larve. It must be recognized, however, that there is no 
indication of metamorphosis in the Polyclad larve, and furthermore that 
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the Nemerteans perhaps show greater similarities to Alloiocelan Turbel- 
laria than to Polyclads. Perhaps an explanation of the process is to be 
found in the sloughing of the ectoderm and the formation of new ciliated 
cells which is seen in the larva of a Paleonemertean, Cephalothria, the 
metamorphosis of Desor’s larva and of the Pilidium being a greater and 
more complicated ecdysis derived from the simpler one. 

Some interesting evidence as to the morphological significance of the 
anus is to be derived from a study of its development in the Nemerteans. 
It is an opening which has been considered by some to have arisen by the 
closure in the middle of an elongated slit-like blastopore—the two ends, how- 
ever, remaining open to form respectively the mouth and anus; and it has 
been thought that the direct transformation of the blastopore into the per- 
manent mouth in some cases, and in others into the permanent anus, 
receives on this theory an explanation. The phenomenon of the closure of 
the blastopore in the middle does actually occur in the Annelid-like Tra- 
cheate Peripatus, and in many forms both mouth and anus stand in close 
ontogenetic relationship to the blastopore. In the Nemerteans are repre- 
sented the most lowly organized animals which possess both mouth and 
anus, and accordingly it might be expected that in them the original rela- 
tionships will be most clearly seen. The young Nemertean possesses no 
anus. It resembles, so far as its digestive tract is concerned, an Alloioccelan; 
it is only relatively very late in its life-history that the anus appears, and 
then in a region of the body which has no relation whatever to the original 
blastopore. This fact should carry considerable weight with it, especially 
as in the majority of forms the anus is, in comparison with the mouth, 
of relatively late formation. It seems not improbable that primitively it 
had no relation with the blastopore, and where such relations do occur 
they are entirely secondary. 

The indication of metamerism seen in the Nemerteans needs no further 
discussion after what has been said on p. 43 with reference to similar pecul- 
jarities in the Turbellarians. 


SUBKINGDOM METAZOA. 


TYPE PLATYHELMINTHES. 


I. Class TURBELLARIA.—Ectoderm ciliated; no anal opening. 

1. Order Acceela.—Mouth present, but no digestive tract. Convoluta. 

2. Order Allotocela.—Digestive tract present; space between it and 
body-wall occupied by parenchyma. Monotus, Plagiostoma. 

8. Order Rhabdocela.—Digestive tract straight rod- or sac-like; 
space between it and body-wall not filled with parenchyma. 
Microstoma, Mesostoma, Prorhynchus, Vortex. 

4, Order Tricladea.—Digestive tract branched, three principal limbs 
giving rise to secondary branches; male and female reproductive 
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organs with common opening. Gunda, Planaria, Phagocata, 
Dendrocelum, Bdelloura, Bipalium, Syncelidium. 

5. Order Polycladea.—Digestive tract branched, the primary branches 
being numerous; male and female organs having separate open- 
ings. 

(a) With terminal sucker (Cotylea). Thysanozoon, Burylepta. 
(0) Without sucker (Acotylea). Planocera, Leptoplana, Sty- 
lochus. 

II. Class Tremaropa.—Ecto- or endoparasites; ectoderm not ciliated; 
with digestive tract and suckers. 

1. Order Polystomee.—Suckers more than two; development direct; 
usually ectoparasites. Polystomuwm, Sphyranura, Tristomum, 
Gyrodactylus. 

2. Order Distomece.—Suckers one or two; development indirect; usu- 
ally endoparasitic. Distomam, Monostomum. 

III. Class Cesropa.—Endoparasites; ectoderm without cilia; no digestive 
tract or mouth; usually strobilated. Tenia, Bothriocephalus, 
Caryophylleus, Ligula, Trienophorus, Archigetes. 

IV. Class NEMERTINA.—Ectoderm ciliated; not parasitic; anus present; 
with protrusible proboscis. 

1. Order Paleonemertini.—Lateral ciliated funnels shallow; nervous 
system imbedded in ectoderm; proboscis without stylets. Cari- 
nella. 

2. Order Schizonemertint.—Lateral ciliated funnels deep; nervous. 
system imbedded in muscle-layer; proboscis without stylets. 
Cerebratulus, : 

8. Order Hoplonemertini.—Lateral ciliated funnels deep; nervous 
system within muscle-layer; proboscis with stylets. Tetra- 
stemma, Amphiporus. 

4, Order Malacobdellina.—No lateral ciliated funnels; proboscis 
without stylets. Ifalacobdella. 
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CHAPTER VIII. 
TYPE NEMATHELMINTHES. 


THe Nemathelminths are, like the members of the preced- 
ing type, characterized by the form of the body, which is 
cylindrical and usually elongated or even thread-like, whence 
the popular terms Round-worms or Thread-worms which 
are frequently applied to them. The ectoderm is covered by 
a thick layer of cuticle which it secretes, and in connection 
with which spines, bristles, or hooks may be developed at 
various parts of the body. There is no trace of segmentation 
or reduplication of organs, with the exception that in some 
forms the circular nerve-commissures uniting the longitudinal 
cords may succeed each other with tolerable regularity ; the 
cuticle, it is true, especially when thick, is ringed by numer- 
ous grooves succeeding one another at short intervals, but 
this cannot be interpreted as an indication of metamerism, 
but is more probably a provision to counteract the rigidity of 
the cuticle and to give a considerable amount of mobility to 
the body. The Nemathelminths accordingly have the same 
grade of individuality as a simple Platyhelminth, such as an 
Alloioccelan, and are to be regarded as metamere individuals. 

One important difference of structure which these worms 
show from the Platyhelminths is the presence of a capacious 
coelom, the interval between the digestive tract and the mus- 
culature of the body-wall not being filled up by parenchyma- 
tous mesoderm, but being a simple undivided cavity in which 
lie the reproductive organs. These latter are simple, the 
animals being as a rule bisexual, and there is no separation 
of the female organ into ovary and vitellarium. Structures 
of an excretory nature occur in one of the two classes into 
which the type is divisible, but a blood vascular system is 
entirely wanting. 

The habit of life varies greatly in the various members of 
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the group. In the class Nematoda many forms live freely in 
the sea, fresh water, or damp earth, while others are parasitic 
during a part of their lives, and others again are parasites 
practically throughout their whole existence. The Acantho- 
cephala are without exception parasitic. 


I. Cuass NEMATODA. 


The Nematodes are distinguished from the members of 
the second class by the presence in nearly all cases of a dis- 
tinct digestive tract, usually with mouth and anus, and by 
the absence of a retractile proboscis furnished with hooks 
at the anterior end of the body. The arrangement of the 
muscles of the body-wall are also peculiar inasmuch as longi- 
tudinal muscles only are present (Fig. 86, m), which instead of 
forming a closed sheath are interrupted along four longitudi- 


Fig. 86.—TRANSVERSE SECTION OF Ascaris lumbricoides av THE LEVEL oF 
PHARYNX (from HERTWIG). 


ce = cuticle. m = longitudinal muscles. 
d = dorsal line. 8 = lateral line. 
h = hypodermis. ” = ventral line. 


w = nephridium. 


nal lines (d, v and s), or in some cases along a single ventral 
line, in the former case there being four longitudinal bundles 
of muscles extending the length of the body. In the struc- 
ture of most of the organs, however, considerable variation is 
found, and it will be most convenient to describe them as 
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they are found in each of the two orders into which the class 
may be divided. 


1. Order Eunematoda. 


This order contains the majority of the Nematoda, and 
all its members are furnished with a mouth and anus and a 
functional digestive tract. The mouth is in 
some cases at the bottom of a funnel-like 
depression which may be armed with spines, 
special developments of the cuticula which 
covers the body. This is throughout cylin- 
drical in shape, except that in the males of 
some species it expands at the posterior ex- 
tremity into a relatively large funnel-shaped 
structure with thin walls, the bursa (Fig. 87), 
at the bottom of which lies the opening of the 
cloaca, a cavity into which the intestine and 
the male reproductive organ open. Beneath 
the ringed cuticle lies the ectoderm (hypo- 
dermis) which secretes .it, and beneath this 
the muscular layer which consists only of 
longitudinal muscle-fibres, differentiations of 
the outer ends of large cells whose undiffer- 
entiated inner ends project into the ccelom, so 
as almost to obliterate itin some cases. The 
muscle-fibres do not, however, form a com- 
plete continuous sheath surrounding the 
coelom, but are interrupted along four longi- 

_ tudinal lines, two lateral, one dorsal, and 

Fie. 87. — Ascaris : a 
magrocenese Marm O88 ventral (Fig. 86). The ccelom contains 
(after Levcxart). the intestine and reproductive organs, and 


ee esine is peculiar in that it is not bounded by a 
ph = pharynx. Sarre ‘ 

eS eeieulis limiting cellular membrane or peritoneal 
te = testis. lining, being simply a space comparable to 


the coelomic cavities of the Rhabdocela or 

the blood-sinuses of the Nemerteans. 
The digestive tract is a straight tube traversing the body 
from one extremity to the other, opening posteriorly in the 
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female directly to the exterior, in the males into a cloaca 
common to it and to the male organ of reproduction. Its 
anterior part is a muscular cesophagus lined with cuticle di- 
rectly continuous with that covering the surface of the body, 
while posteriorly it is a delicate tube composed of a single 
layer of cells, not being surrounded by any mesodermal mus- 
cular tissue. 

The excretory system is not as yet fully understood. It 
appears to consist of a pair of tubes, for which no cellular 
lining has as yet been made out, which lie, one on each side, 
in the thickened hypodermis of the lateral lines. In the an- 
terior portion of the body they unite to form a single tube 
which opens to the exterior in the median ventral line not far 
behind the brain (Fig. 88, B). 

Lhis latter consists of a ring or nerve-collar surrounding 
the anterior part of the cesophagus on which lateral masses of 
ganglion-cells occur and which gives rise to two main nerves, 
one of which runs back in the median dorsal line, while the 
other, which in some forms appears to be double, lies in the 
median ventral line. Other nerves pass forwards from the 
nerve-ring to the anterior part of the body, and in addition to 
the dorsal and ventral nerve-cords two lateral nerves pass 
backwards a short distance, while circular commissures con- 
nect the two main nerve-cords, those of the two sides of the 
body not, however, being opposite each other, so that they do 
not suggest a pseudo-metamerism so strongly as the similar 
commissures of the Hoplonemertini. Special sense-organs 
are as a rule absent, though a few forms possess eyes. 

The reproductive organs are exceedingly simple. In the 
male they are represented by a single convoluted tube, lined 
in its upper part by the mother-cells of the spermatozoa and 
dilating below into a seminal vesicle, to which succeeds a 
short ejaculatory duct which opens into the cloaca. The walls 
of this latter cavity are frequently invaginated to form two 
small sacs in each of which lies a chitinous spicule capa- 
ble of being protruded from the cloacal opening and serving, 
with the bursa, as copulatory organs. The female organs, on 
the other hand, consist of a pair of convoluted tubes, each of 
which dilates into a uterus and unites with its fellow to form a 
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single tube, the vagina, sometimes with muscular walls, which 
opens to the exterior in the ventral mid-line some distance in 
front of the anus. As a rule the sexes are separate, her- 
maphroditism occurring only in a few isolated cases. 

Many Nematodes are free throughout their entire exist- 
ence, living in the sea, fresh water, or damp earth, and fre- 
quently possessing eyes. Others are found in some domestic 
products, such as the vinegar-eel (Anguillula), found in vine- 
gar and sour paste; while others, again, are parasitic on 
plants, such as Tylenchus, which lives upon the young grains 
of wheat and in some cases produces very serious damage to 
crops, and Heterodera, which is quite as injurious to root 
crops. More interesting, however, are a number of forms 
occurring as parasites in animals, many affecting man, in some 
cases producing serious results. 


Life-histories of the Eunematoda.—The free-living forms show no 
peculiarities of development, the immature animal developing directly 
from the egg. Among the parasitic forms, however, interesting variations 
from direct development, due to a change of host, occur, a well-marked 
heterogony occasionally being found. An example of this is seen in Rhab- 
ditis nigrovenosa, which at one stage of its existence lives in damp earth, 
the females being viviparous and producing young which make their way 
into the lungs of frogs, where they assume a form which led them to be 
assigned to the genus Ascaris, and where they become mature. At this 
stage they differ from the Rhabditis forms in being hermaphrodites, and 
from the eggs deposited by them the Rhabditis generation again results. 

From a medical standpoint one of the most important forms is Trichina 
spiralis, which occurs encapsuled in the muscles of various warm-blooded 
animals, such as man, the pig, rat, mouse, and occasionally in the fox, cat, 
and rabbit. The capsules are oval and about 0.6 mm. in length, and occa- 
sionally have a white color, due to the deposition of calcareous matter in 
the wall. In the interior of the capsule lies coiled up an immature 
Trichina, which may retain its vitality in this condition apparently during 
the lifetime of its host. Should, for instance, improperly cooked or salted 
pork which contains such capsules be eaten by man, the capsule becomes 
dissolved by the digestive juices and the young T'richina is set free in the 
small intestine and in the course of a few days becomes sexually mature, 
Each female may deposit in the intestine as many as 1000 eggs, from 
which, in the second or third week after infection, young Trtehine meas- 
uring about 0.01 mm. hatch out and at once proceed to bore through the 
walls of the intestine, producing a more or less violent inflammation 
according to the degree of infection. They wander through the connective 
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tissue and finally reach the muscles, especially of the neck and diaphragm, 
into which they bore, producing a degeneration of the tissue upon which 
they feed. In the course of the third month after infection they encyst 
themselves in the muscle-tissue, and inflammatory changes produced in the 
connective tissue in their immediate vicinity result in the formation of a 
second eyst-wall around them (Fig. 88, A). If the intestinal inflammation 
and the succeeding muscular inflammation have not proved fatal to the 
host, the danger is past, the encapsuled T’richine undergoing no further 
development in the muscles. 

Other forms which occur in man are Ascaris lumbricoides, the round- 
worm (Fig. 88, B), a large form, of which the female measures 40 cm. in 
length and the male 25 cm., and which bears some resemblance in shape to 
an earth-worm, Oxyuris vermicularis, asmaller form, 1 cm. in length, which 
inhabits the rectum especially of young children, and Trichocephalus dispar 
(Fig. 88), which measures 8-5 cm. in length and is characterized by the 
anterior half of the body being exceedingly slender, the worm boring into 
the intestinal wall, especially in the se eatin of the cecum, by this 
slender portion, the hinder thicker por- a 
tion hanging freely in the wall of the 
intestine. The presence of these three 
forms may be recognized, independently 
of the finding of the actual worm, by 
their ova, whose respective characters dif- 
fer very greatly. So far as is known the 
development of these forms is direct and 
there is no intermediate host, but the ova 
are taken into the body with the food. 
The exact manner of infection is, however, 
obscure. 

In addition to the forms which have 
been mentioned there are a few which are 
more especially frequent in tropical cli- ! E 
mates. Dochmius duodenalis is a small Fie. 88.—A, Trichina encysted 
form about 1-2 cm. in length, with strong in muscle; B, anterior extrem- 
teeth or blunt spines in the mouth region, ily of Ascaris lumbricoides 
which fastens itself to the wall of the from the ventral surface, show- 
small intestine and lives upon the blood ing the two ventral oral papilla 
of its host, producing anemia. Its ova aud the excretory pore (both 
develop in stagnant water or damp earth, fter Leuckarr); C, Lrichoceph- 
and probably man becomes directly in- @/¥8 spar (after Owen). 
fected. It has long been known in the tropics, producing the disease 
known as Chlorosis egyptiaca, but may also affect miners or workers in 
tunnels, having appeared endemically in the workers on the St. Gothard 
tunnel, whence it has since spread somewhat in Germany, especially among 
workers in clay. Filaria medinensis is limited entirely to the tropics and 
is a very slender worm nearly 1 metre in length which lives in the connec- 
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tive tissue beneath the skin, producing ulcers, at the bottom of which the 
worm lies coiled up. The ova develop in water and the embryos pass 
probably into small Crustacea, which are swallowed with drinking-water. 
Filaria sanguinis hominis, also solely tropical in its distribution, 
receives its name from the fact that it lays its ova in the blood of man, 
which may thus swarm with countless numbers of small worms. These 
make their way to the exterior of the body by the kidneys, producing 
hemorrhages or minute abscesses in that organ and, as the result of 
these, milky or bloody urine. 


2. Order Gordiacea. 


This order includes the families of the Gordiide and Mer- 
mithide, long slender thread-like worms, which differ from the 
Eunematoda in several important respects. They occur in 
their mature state in fresh water; in their immature stages, 
however, they are parasitic in insects. In the adult Gordius 
the mouth is usually closed by an overgrowth of the cuticle, 
and the anus is lacking in Mermis. The musculature of the 
body-wall consists only of longitudinal fibres (Fig. 89, m), which 
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Fig. 89.—TRANSVERSE SECTION oF Gordius (after Vzspovsky). 
cu = cuticle. nm = nerve-cord. 
d = intestine. pe = peritoneum. 
hy = hypodermis. ut = uterus. 
m = lovgitudinal muscles. ov = oviduct. 


differ in their arrangement from those of the Eunematoda in 
being interrupted only in the mid-ventral line. The ccoelom 
is lined by a peritoneal epithelium (pe) lying beneath the 
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muscle-cells, and is divided into two lateral chambers by a 
mesentery (m) running the entire length of the body and con- 
sisting of two layers surrounding the intestine (d), and inserted 
into the body-wall dorsally and ventrally, their outer surfaces 
being lined by a contizuation upon them of the peritoneal 
epithelium. 

No excretory system has been as yet discovered. The 
nervous system consists of a ganglionic ring surrounding the 
cesophagus, from which a number of nerves pass forward, 
while a single nerve-cord (n) passes backwards in the mid- 
ventral line, dilating at the posterior end of the body into 
a ganglionic mass. 

The reproductive organs consist in the female of a series 
of ovaries (ov) attached one behind the other to each mesen- 
tery above the intestine. In the mesenteries two tubes (ut) 
pass backwards which receive some of the ova and function 
as uteri, near the hind end of the body bending ventrally to 
open into the cloaca, whose wall is invaginated to form a 
single seminal receptacle. The testes have not yet been 
found, but two seminal vesicles, corresponding to the uteri of 
the female, occur and open likewise into the cloaca, which in 
the male is evertible and serves as a copulatory organ. 

The Affinities of the Nematodes.—The relationships of the Nematodes are 
exceedingly obscure. Their unsegmented character and the character of 
the nervous system seem to ally them more closely with the Platyhelminths 
than with higher forms, but the relationships to any of the known Platy- 
helminths must be exceedingly remote. The parasitism which occurs so 
frequently in the group is to be considered as secondary, since so many 
forms lead a free life and peculiarities of structure can hardly be attributed 
to degeneration. The Gordiacea stand on a higher plane than the Eu- 
nematoda, as shown by the possession of a mesentery and the arrange- 
ment of the reproductive organs and nervous system, which bear some sim- 
ilarities to those of the Annelids, but their Nematode characteristics are 
most pronounced. Perhaps the ancestors of the Nematodes are to be found 
in the yet unknown intermediate forms between the Platyhelminths and 
Annelids, a view which would account for their similarities in certain 
respects to both these groups. 


II. CLass ACANTHOCEPHALA, 


This class contains a number of parasitic forms which 
occur more especially in tho digestive tract of fishes, though 
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also found in Mammalia and in exceptional cases in man. A 
great uniformity of structure exists throughout all the species, 
so that they are all referable to a single genus, Echinorhynchus. 
The body (Fig. 90) is cylindrical and as a rule not very long, 
and a marked distinction from the 
Nematodes is found in the retractile 
proboscis ( pr) occurring at the anterior 
end of the body. It is a cylindrical 
prolongation of the anterior portion of 
the body and is provided with a number 
of chitinous hooks by means of which 
it adheres to the intestinal wall of its 
host. The proboscis may be invagi- 
nated into a double-walled muscular 
proboscis-sheath by whose contraction 
it may again be protruded, a strong 
retractor muscle, extending from the 
tip of the proboscis to the base of the 
sheath, serving for the invagination ; 
and from the base of the sheath re- 
tractor muscles (7m) pass to the body- 
walls and serve to hold the sheath in 
position. No traces of a digestive tract 
occur. 

The body is covered upon the out- 
side by a thick cuticle secreted by the 
subjacent hypodermis, which is a rather 
Fre. 90.—Mate Hehinorhyn- thick layer consisting of a protoplasmic 

chus (after Leuckart). § matrix in which nuclei are scattered 

: = ok deat but in which no cell-outlines are to be 
p = penis. distinguished. Beneath the cuticle the 
py = proboscis ganglion. matrix has a fibrillar character, and 
pr = proboscis. near its inner surface it is hollowed out 
rm = retractor muscle. : : 
aes into a network of anastomosing canals 
of which mention will be made later. 
Beneath the hypodermis lies a basement-membrane within 
which are two layers of muscle-cells, having the same epi- 
thelio-muscular character as those of the Nematodes, the 
fibres of the external layer having a circular direction, while 
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those of the inner layer have a longitudinal course. The 
body-wall encloses a well-marked celom, not lined by a 
special peritoneal epithelium, but which contains the repro- 
ductive organs and is traversed by the retractor muscles of 
the proboscis-sheath. 

The nervous system consists of a ganglionic mass (pq) 
lying within the proboscis-sheath which sends forward nerves 
for the supply of the walls of the sheath and of the retractor 
- muscle of the proboscis. Posteriorly two lateral nerve-cords 

extend backwards along the sides of the body, and in male 
individuals are connected near the posterior extremity with a 
ganglion lying beneath the reproductive ducts and from which 
nerves pass to the genital apparatus. 

The system of lacunar canals which form a network in the 
lower layers of the hypodermis is probably excretory in 

‘function. The canals are found throughout the entire hypo- 
dermis, both in the proboscis and in the body-wall, in the 
latter there being indications of two larger lateral trunks. 
From the point of junction of the proboscis with the body- 
wall two muscular sacs, the lemnisci (1), hang down into the 
celom. The cavity which they contain communicates with a 
circular lacuna which surrounds the base of the proboscis 
and with which the lacunx of the proboscis-hypodermis like- 
wise communicate, this system of the proboscis-lacune and 
the lemnisci being shut off from the system of the body-wall 
by a pariition extending from the basement-membrane to the 
cuticle. The lemnisci have been regarded as possible repre- 
sentatives of a digestive tract, but it seems more probable 
that they are reservoirs for the reception of the fluid con- 
tained in the lacune of the proboscis when it is driven from 
them during invagination. 

The reproductive organs are much more complicated than 
those of the Nematodes. The sexes are separate, the male 
individuals being usually smaller than the females. The 
ovaries are paired bodies enclosed within a muscular ligament 
attached anteriorly to the base of the proboscis-sheath and 
posteriorly to the reproductive duct. At an early stage of 
their development, however, the ovaries split up into masses 
which float about in the ccelom together with large numbers 


182 INVERTEBRATE MORPHOLOGY. 


of separated ova. They pass to the exterior by a complicated 
system of ducts, the most anterior portion of which is a wide 
funnel-shaped structure, the bell, to whose wall the ligument is 
attached and which, by a rhythmical expansion and contrac- 
tion, engulfs the ova and ova-masses floating about in the 
celom. From the lower end of the bell they escape, the ova- 
masses to be returned to the ccelom, while the fertilized sepa- 
rate ova pass into a short tube, the oviduct, which opeus below 
into a muscular wterus, which finally communicates with the . 
exterior at the posterior end of the body. 

The male apparatus consists of usually two testes (Fig. 
90, t) enclosed within the ligament, which is attached below 
to the wall of the evertible bursa. From each testis a duct 
passes backwards, the two soon uniting to the single vas de- 
ferens, which, after receiving the ducts of some unicellular 
glands (gl), opeus into the bursa at the tip of a muscular penis 
(p). The bursa when everted is a somewhat funnel-shaped 
structure at the bottom of which is the penis, the edge being 
furnished in some forms with hooks by means of which it 
serves as a copulatory organ. 


The life-history of the Acanthocephala includes a change of host. The 
larvee are found in the body-cavity of Crustacea or insects, and reach ma- 
turity only when the intermediate hosts are swallowed by the proper final 
host. The largest species of Echinorhynchus is the EZ. gigas, which occurs 
in the intestine of the pig; the intermediate host of this form is the June 
bug (Melolontha). 

Nothing can as yet be stated with any certainty concerning the relation- 
ships of the Acanthocephala. They are usually associated with the Nema- 
todes, to which they certainly present similarities, but no intermediate 
forms bridging the gap between the two classes are yet known, and the 
embryological history throws little light upon the question. 


SUBKINGDOM METAZOA. 


TYPE NEMATHELMINTHES. 


I. Class NeMATODA.—With digestive tract; without proboscis furnished 
with chitinous hooks. 

1. Order Hunematoda.—Musculature of body-wall interrupted along 
the lateral line ; no mesentery ; no peritoneal epithelium.  An- 
guillula, Tylenchus, Heterodera, Trichina, Ascaris, Oxyuris, 
Trichocephalus, Dochmius, Filaria. 
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2. Order Gordiacea.—Musculature of body-wall not interrupted along 
the lateral line; with mesentery and peritoneal epithelium. 
Gordius, Mermis. 
II. Class ACANTHOCEPHALA.—Without digestive tract; with proboscis 
armed with recurved chitinous hooks; parasitic throughout. 
Echinorhynchus. 
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CHAPTER IX. 


ORDER ECHINODERA; CLASS CHATOGNATHA; CLASS 
ROTIFERA ; ORDER GASTROTRICHA ; DINOPHILUS. 


Tus chapter includes a description of a number of forms 
whose affinities are at present rather doubtful and which 
show similarities sometimes to the Nemathelminths and 
sometimes to the Annelida. Instead, however, of assigning 
them to one or the other of these types, 
it has been thought advisable to consider 
them in a separate chapter and each 
group independently, indicating briefly 
their most probable affinities. 


Order Echinodera. 


The order Echinodera includes a 
number of small organisms all marine in 
habitat, and all referable to a single 
genus, Echinoderes (Fig. 91). The body 

/} z varies in length from somewhat less than 

1 mm. to almost 0.1 mm. according to the 

species, and tapers somewhat posteriorly, 

terminating in one or two prolongations 

or cerci, while anteriorly there is a pro- 

Fie. 91. — Hchinoderes hoscis armed with strong sete which 
reeled S kilan may be invaginated within the anterior 
portion of the body, and serves as an or- 

gan of locomotion as well as for the prehension of food. 
The outer surface is covered by a layer of chitin which igs 
divided into distinct metameric rings, the number of which, 
eleven, is constant for all known species, and which are pro- 
vided in some species with definitely-arranged sets. No 
cilia are present. Beneath the chitinous rings lies the ecto- 
derm, which shows indications of metamerism also, being 
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thickened beneath the interval between two successive rings ; 

it consists of a granular layer of protoplasm in which scat- 

tered nuclei occur. Beneath the ectoderm lies a somewhat 

incomplete layer of longitudinal muscles, which become spe-’ 
cialized anteriorly into separate bundles for the retraction of 

the proboscis; in each metamere two dorso-ventral muscle- 

bundles, one on each side of the middle line, are also found. 

A relatively spacious body-cavity in which various organs 

lie occurs, but no lining peritoneal epithelium or mesenteries 

have been observed. 

The digestive tract begins with the mouth, which lies at 
the bottom of the invaginated proboscis and opens by the in- 
tervention of a short tube into a muscular pharynx into the 
anterior portion of which, four glands, either salivary or poi- 
sonous in function, pour their secretion. The pharynx com- 
municates posteriorly with a sac-like stomach, upon which 
follows a short straight intestine opening to the exterior at 
the posterior end of the body between the terminal cerci. 

Two elongated pear-shaped bodies lying in the coelom in 
about the middle region of the body have been described as 
excretory organs. They are closed at the free end, their 
cavity is ciliated, and they open to the exterior on the dorsal 
surface near the margin of the body. The reproductive 
organs are cylindrical sacs which are provided with ducts 
opening to the exterior on the terminal segment; all the 
species whose reproductive organs have been studied are 
bisexual. 

Four cellular masses lying above the pharynx seem to 
represent the nervous system, though no nerves passing from 
them have been discovered ; nor do any special sense-organs 
exist. 

The affinities of these forms is highly problematical, especially since 
nothing is known of their development. The metamerism indicated by the 
chitinous rings, the thickenings of the ectoderm, and the dorso-ventral 
muscles suggest an affinity with the Annelids, while, on the other hand, in 
the chitinous covering, and the occurrence of a longitudinal musculature 
only, similarities to the Nematodes may be found. The excretory organs 
may perhaps be compared with the larval nephridia of the Annelids, and 


the existence of but asingle pair of them, together with the absence of 
any metameric arrangement of nerve-ganglia, favors the idea that the 
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Echinodera are not to be considered as being truly metameric, indications 
of metamerism which are found being altogether secondary and without 
phylogenetic significance. Until, however, something has been ascertained 
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regarding their embryological history nothing can 
be positively stated as to their affinities. It is 
worthy of notice, however, that in some particulars. 
they resemble the Gastrotricha, and it is not im- 
probable that their nearest allies are to be found 
in that order, which on its part is related to the 
Rotifera (see p. 189). 


Ciass CHETOGNATHA. 


The Chetognatha constitute a small 
group of forms separable into two genera, 
Sagitta and Spadella. All the members 
of the group are marine, and are elonga- 
ted in form, the sides of the body being 
furnished with one or two pairs of lateral 
expansions or fins, to which is added a 
caudal fin. The anterior portion of the 
body is somewhat enlarged so as to form 
a head, and on either side of the mouth 
are a number of strong chitinous bristles 
movable by means of special muscles 
and serving the purpose of jaws. 

The ectoderm consists of several 
layers of flattened cells giving rise in the 
head region by secretion to chitinous 
plates which serve for the attachment 
of the muscles which move the jaw- 
bristles. Both the lateral and the caudal 
fins are ectodermal expansions consisting 
of a homogeneous lamella covered by 
one or two layers of ectodermal cells. 
They possess no muscle-fibres and are 
passive in locomotion, which is per- 


formed by the contraction of the longitudinal muscles 
producing rapid lateral movements of the posterior part of the 
body. The genus Sagitta possesses two lateral fins, while in 
Spadella (Fig. 92) but one large one is present. Below the 
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’ ectoderm lies a well-defined basement-membrane, and below 
this are the muscles of the body-wall, which are, as a rule, 
longitudinal in their direction, and are interrupted, as in the 
Nematodes, along four longitudinal lines, one dorsal, one ven- 
tral, and two lateral. In one species of Spadella there is on 
the inner side of the longitudinal muscles a thin layer of trans- 
verse muscles, but usually only longitudinal fibres are present, 
except in the head, when there are a number of special muscle- 
bundles for the movement of the jaw-bristles. 

Within the musculature of the body-wall is the spacious 
coelom, lined throughout by a delicate layer of cells constitut- 
ing the peritoneum, and divided into three chambers by 
transverse partitions, one of which lies just behind the head, 
while the other is towards the hind end of the body. The 
peritoneal epithelium lines the surfaces of these dissepiments, 
and in the trunk and tail regions is reflected in the mid- 
dorsal and ventral lines towards the centre of the body, form- 
ing a mesentery, surrounding the intestine and dividing the 
ceelom into lateral compartments. 

The mouth lies on the ventral surface of the head and 
opens into an cesophagus surrounded by a single layer of 
muscle-fibres having a dorso-ventral direction and passing 
above and below into the general musculature of the head. 
After being narrowed in passing through the anterior dissepi- 
ment the digestive tube again expands (Fig. 92, 7), and is sup- 
ported throughout the trunk region by the mesentery. In 
this region it is a simple straight tube, unprovided with mus- 
cle-fibres, and terminates in an anal opening situated ven- 
trally at the junction of the trunk and tail regions, not being 
continued into the latter. 

Neither an excretory nor a blood vascular system is pres- 
ent. The nervous system lies for the most part imbedded in 
the ectoderm, and consists of two principal ganglionic masses, 
of which one, the cerebral or supracesophageal ganglion (ce), 
lying in the head region, is situated in the ectoderm of the 
dorsal surface of the body and has a somewhat hexagonal 
outline, giving off five pairs of nerves, one pair passing back- 
wards as commissures to unite with the ventral or sub- 
esophageal ganglion, lying also in the ectoderm a little in 
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front of the middle of the trunk region of the body. This 
ganglion gives off numerous nerves, among which are two 
principal nerve-cords passing backwards and giving off along 
their entire length finer nerves which branch and finally lose 
themselves in a fine ectodermal nerve-plexus throughout 
which ganglion-cells are scattered. In addition to these 
ectodermal portions three pairs of ganglia are found in the 
head region at the sides of the cesophagus, the largest gan- 
glion on either side being united with the supracesophageal 
ganglion by a commissure. From the supracesophageal 
ganglia, behind the commissures to the ventral ganglion, a pair 
of nerves pass backwards to the two eyes (0c), which lie com- 
pletely imbedded in the ectoderm of the dorsal surface of the 
head, each consisting of three biconvex lenses imbedded in a 
central pigment mass and surrounded on their outer surfaces 
by a retina composed of an outer layer of cubical cells, a 
middle layer of cylindrical cells with large nuclei, and an 
inner layer of rod-like structures arranged perpendicularly to 
the surface of the lenses. Behind the eyes lies a circular band 
of fine columnar ciliated cells (0), which is supplied by a pair 
of nerves arising from the supracesophageal ganglion be- 
tween the optic nerves. The function of this organ is doubt- 
ful, though it has been considered olfactory. Scattered some- 
what regularly over the body are numerous round or oval 
eminences consisting of a number of central spherical cells 
arranged in two rows and bearing rod-like bristles. These 
are enclosed in a sheath of cylindrical cells and below come 
into contact or are continuous with terminal nerve-branches. 
These sensory hillocks are supposed to be tactile in function 
and resemble not a little the lateral sense-organs of certain 
Annelids (see p. 210). 

The Chetognatha are without exception hermaphrodite. 
The ovaries (ov) are cylindrical bodies lying in the trunk re- 
gion of the body, one on each side of the digestive tract, and 
upon the outer side of each is a tubular oviduct which ends 
blindly anteriorly and opens posteriorly at the sides of the 
body near the dissepiment between the trunk and tail regions 
of the body. There is no communication apparently between 
the cavity of the oviduct and the ovary or ccelom, and the 
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manner in which the ova make their escape is yet unknown. 
Both ovaries and oviducts are enclosed within a fold of peri- 
toneum (meseutery) extending from the sides of the body. 
The testes (¢) are situated behind the posterior dissepiment, 
i.e., in the tail region of the body, and consist of a streak of 
cells on each side in the peritoneal covering of the body-wall. 
From these streaks masses of immature spermatozoa separate 
and float about in the ccelom of the tail segment, and when 
mature make their escape through canals, each of which com- 
municates with the celom by means of a fine ciliated opening, 
and near its opening to the exterior at the side of the body is 
dilated into a seminal vesicle. 


The embryological history of Sagitta throws no light upon the affinities 
of these forms. In structure they recall, especially in the arrangement of 
their musculature, the Nematodes, and especially the Gordiacee, but at the 
same time show many similarities to the lower marine Annelids, as for in- 
stance in the origin of the spermatozoa from the wall of the ccelom, and in 
the similarity of the vasa deferentia to nephridial canals. The occurrence 
of dissepiments also suggests affinities to the Annelids, but it does not 
seem that these structures indicate a segmentation of the body, since the 
arrangement of the nervous system points to the conclusion that the Chee- 
tognaths consist of a single segment. From the evidence at present open 
to us it would seem that the Chetognatha are more nearly related to the 
Annelids than to the Nematodes, but the relationship must be regarded as 
a rather remote one, and it seems hardly fitting to include Sagitéa and its 
allies among the Annelida, 


Ciass ROTIFERA. 


The Rotifers or “ Wheel-animalcules” are microscopic 
Metazoa which are widely distributed both in salt and fresh 
water. They are unsegmented forms with a well-developed 
celom, and are somewhat oval in form as a rule, the an- 
terior end of the body being surrounded by one or two 
bands of cilia whose rapid movement produces the appear- 
ance of a wheel, and has suggested the popular name for 
the group. The posterior end of the body is frequently pro- 
longed into a usually extensible so-called foot, which in some 
cases (Lacinularia) is furnished with adhesive glands, and is 
used as a point of fixation, though the majority of forms swim 
about freely or attach themselves only temporarily, the foot 
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having in such cases the form of a sucker (Philodina), or ter- — 
minating in two movable lamellae, Brachionus (Fig. 93), or else 
being entirely wanting (Asplanchna). 

The body, with the exception of the anterior portion or 
trochal disk, which bears the bands of cilia, is enclosed in a 
Oc  chitinous cuticle, occasionally 

comparatively thick and firm, 

forming a case, the lorica, into 
which the softer parts may be 
withdrawn, and frequently pre- 
O senting a delicate sculpturing 
Gl or prolongations into spines. 

A few forms (Floscularia) se- 

crete a gelatinous case within 
Oy Which they live, foreign parti- 
cles being sometimes added 
to the secretion ; a species of 
Melicerta, for instance, building 
a case for itself of pellets man- 
ufactured from foreign bodies 
and arranged in oblique or 
spiral rows and cemented to- 
gether by the gelatinous secre- 
tion. 

The trochal disk which oc- 
cupies the anterior end of the 


Fig. 93.—Brachionus urceolaris (after 


EcKSTEIN). : : 

Br = nerve-ganglion. body is but rarely circular in 
cv = contractile vesicle, outline; more usually it is 
Gi = digestive gland. lobed at its margins and may 
M = muscle. ; : 

A seats even be separated into two 
WM = mepheidial conn parts. The margin of the disk 
O = eye. is surrounded by one or two 
Oc = ocellus. bands of cilia which follow the 
Ov = ovary. : . 
amen a lobations, when two bands are 


present one being entirely 
preoral and the other postoral in its position, so that the 
mouth lies between the two on the ventral side of the disk. 
Various differences of arrangement of the bands are found 
in different species, one of them, the przoral, being some- 
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times discontinuous, as in Brachionus, or reduced to a few 
isolated patches, as in Asplanchna. 

It is a question whether the forms with a double band of cilia or those 
in which it is single represent the more primitive arrangement. It may be 
supposed that originally there was but a single band which later became 
donble, but it seems more probable that the double condition is the more 
primitive, from the fact of its frequent occurrence and also since, when 
a single band is present, it seems to represent in some cases the pre- 
oral band and in others (Floscularia) the postoral one. Such a condition 
of affairs can be most plausibly explained on the assumption that originally 
two bands were present, and that in some forms the preoral one gradually 
gained pre-eminence in its development, the postoral one disappearing part 
-passu, while in the Flosculariide the reverse was the case. 

Beneath the cuticle lies the ectoderm, consisting of a layer 
of cells whose outlines cannot be distinguished, and within 
this comes the musculature of the body, which does not, how- 
ever, form a more or less continuous layer beneath the skin, 
but consists of aggregations of muscle-fibres into bundles 
which traverse the body-cavity in various directions, some 
running longitudinally and forming retractors of the foot and 
of the trochal disk, while others have a circular direction. The 
coelom, in which the muscle-bundles and the various organs lie, 
is not lined by a special peritoneal layer of cells, but may be 
trayersed by a greater or less number of delicate fibrils 
arising from amoeboid cells and representing undifferentiated 
mesoderm. 

The mouth lies near the ventral border of the trochal disk, 
the ciliated bands serving to produce currents which con- 
verge toward the mouth-opening, and so carry to it food-parti- 
cles, which are then carried through the ciliated cesophagus 
to the pharynx, whose walls contain a somewhat complicated 
comminuting apparatus, the mastax (Fig. 93, ma), consisting 
of two calcareous bodies, the mallet, of varying shape, and 
sometimes also of a median body, the incus. By the action of 
muscles attached to the mallei, these parts of the apparatus 
can be brought into contact with each other, and with the 
incus when this is present, the food-particles being thus 
comminuted. From the pharynx the food passes through a 
shorter or longer tube lined with chitin, which is to be 
regarded as a continuation of the pharynx, to the stomach, 


192 INVERTEBRATE MORPHOLOGY, 


usually a globular cavity, whose wall is formed by a layer of ° 
ciliated cells containing fat-globules and various other par- 
ticles, probably absorbed food-particles, these cells being 
covered externally by a layer of connective tissue. Into the 
stomach there opens from either side the duct of a gland (gl), 
whose secretion is probably digestive in function and which 
may be termed a digestive gland from its resemblance to 
similarly located glands in other invertebrates. The stomach 
opens below into the shorter or longer intestine, whose walls 
are lined by ciliated cells ; and this in turn communicates with 
the terminal cloaca, which receives in some cases the termi- 
nations of the excretory tubules and may be contractile. 
The cloaca opens to the exterior, usually on the dorsal sur- 
face, near the base of the foot, though in some forms which 
live within a case the intestine bends forward upon itself, so 
that the cloacal opening lies further forward. 

The nervous system consists of a relatively large ganglionic 
mass (Br) lying on the dorsal side of the cesophagus, from 
which nerves pass anteriorly to the trochal disk, and posteriorly 
to supply a dorsal sensory papilla, the calcar (Sp). In addi- 
tion to this, two pairs of posterior nerves have been described, 
one of which passes to a sense-organ situated on each side of 
the body in its posterior third, while the other pair runs back- 
wards on each side of the middle line to near the posterior 
end of the body, giving off branches to the musculature as 
it goes. Among the sense-organs eyes (() are very generally 
present, varying in number from one to several, and situated in 
the region of the supracesophageal ganglion, with which they 
are connected. They consist of patches of red, brown, or 
black pigment with which sensory or retinal cells are asso- 
ciated, and which are in some cases covered by a refracting 
lens formed as a special cuticular thickening. Other sense- 
organs to which a tactile function has been ascribed con- 
sist in their simplest form of one or several cells bearing 
stiff cilia. A pair of such organs is usually present, one on 
each side immediately above the ganglion of the lateral 
nerves, and anteriorly in the mid-dorsal line just behind the 
trochal disk a third occurs, the calcar (Sp), which frequently 
is situated upon the extremity of a tubular extensible process 
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' of the body-wall, supplied with muscles for its retraction, and 
to which nerve-fibres pass from the supracesophageal ganglion. 
In a few forms, such as Melicerta, the calcar is double. 

No blood vascular system exists, but a well-developed 
excretory apparatus (VV), resembling that of the Turbellaria, 
is present. It consists of two longitudinal tubes, one on each 
side of the body, from which arise a varying number of finer 
lateral branches, each of which terminates ina funnel closed 
by a flame-cell, as in the Turbellaria. Anteriorly the two 
tubes may be united by a transverse connecting tube, and 
posteriorly they may unite together to form a contractile 
bladder which opens into the cloaca, or in some cases may 
open directly to the exterior. 

The female reproductive apparatus consists of a relatively 
large ovary (Ov) which in some cases at least’ consists of a 
vitellarium portion and an ovary proper, the whole being 
surrounded by a thin membrane a backward prolongation of 
which forms an oviduct opening into the cloaca. 

The preceding description of the structure of a Rotifer is 
that of such a form as is most frequently met with. It was 
for a long time believed that these were hermaphrodite, but 
no trace of a testis could be found. It was later found, how- 
ever, that they were all females, and the males of several 
species have been discovered, differing decidedly in size and 
structure from the females, and besides being usually rather 
rare in their occurrence. They are considerably smaller than 
the female, and possess like it eyes, nerve-ganglion, muscles, 
and excretory system; but the ciliated band of the trochal 
disk is single, and the digestive tract, with the exception of the 
cloaca, is reduced to a solid band of tissue. The single testis 
occupies the greater portion of the body-cavity, and the short 
vas deferens opens into the cloaca, passing through an evertible 
intromittent organ. This marked difference of form of the 
male and female individuals of the same species constitutes 
a phenomenon known as sexual dimorphism. An explanation 
of the usual numerical preponderance of the females over the 
males is to be found in the fact that under favorable condi- 
tions the females produce ova capable of developing parthe- 
nogenetically, and giving rise in all cases to females. A series 
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of generations reproducing by these so-called “summer ova” 
may thus succeed each other without the intervention of a 
male. Under certain conditions, however, certain females pro- 
duce “summer ova” of a smaller size than usual, which, devel- 
oping parthenogenetically, give rise to the males. In addition 
to these two forms of “summer ova,” some species produce a 
third kind of egg, the so-called “ winter ovum,” which differs 
from the summer ova in containing more yolk and in being 
enclosed within a stout resistant shell. It seems probable 
that these ova develop only after fertilization. 


There are two Rotifers which deserve a special description on account of 
their having served as a basis for phylogenetic speculation. One of these, 
Trochosphera (Fig. 94), is spherical 
in shape ; a band of cilia runs round 
the equator of the sphere, not encirc- 
ling it completely, however, but leav- 
ing an unciliated region on the dorsal 
surface. Anteriorly this band passes 
- above the mouth-opening, which is 

bounded below by a very small post- 
oral band and opens into a pharynx 
provided with a mastax (Ja), from 
which the stomach, with digestive 
glands, passes towards the centre of 
the body and there bends at right 
Fie. 94.—Trochosphera e@quatorial’s angles to open through the intestine 


(after Semper). into a cloaca (Cl) which receives the 
A = anus. excretory tubules (#z) and the oviducts 
Cl = cloaca. and opens to the exterior at the lower 
= excretory tube. pole of thesphere (.4). The brain (VY) 
= mouth, lies above the pharynx and_ sends 
Ma = mastax. nerves to the two eyes situated, one 
ae = vase: on each side, below the equatorial 
WV = nerve-ganglion. band of cilia, and also to a small 
nm = nerve. 7 
a Sawin, sensory papilla (So), probably the 
Bh = senna, calear, lying on the dorsal surface, 


this nerve (7) encircling the anterior 
half of the sphere, and running in a plane at right angles to that in which 
the ciliated band lies. 

The other form belongs to the genus Hexarthra and differs from other 
Rotifers principally in the occurrence of six hollow processes of the body, 
arising from the ventral surface and arranged in pairs diminishing in size 
from before backwards. Each is terminated by a bunch of stiff bristles or 
sete, and all are supplied with muscles whereby they can be rapidly swept 
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backwards in the manner of a paddle and so serve as locomotor organs, pro- 
ducing a quick jerky movement quite different from the steady progression 
caused by the cilia of the trochal disk. In another nearly-related form, 
Pedalion, six processes are also present, but are arranged somewhat differ- 
ently from those of Hexarthra, the largest one arising from the ventral 
and another from the dorsal surface, while the other four are lateral in 
position, two occurring on each side. 

The Affinities of the Rotifera.—Several views have been advanced as 
to the affinities of the Rotifers, especially as regards their relationships to 
higher forms ; these opinions will not, however, be fully considered here, 
but merely indicated, attention being directed first to the relationships in 
which the Rotifers stand to organisms lower in the scale. In this connec- 
tion the excretory system becomes of no little importance on account of its 
resemblance to that of the Turbellaria, a resemblance which is further 
emphasized by the nervous system,—consisting of the simple brain, from 
which posteriorly-directed nerve-cords arise,—by the combined ovary and 
vitellarium, and by the absence of a blood vascular system. Here, how- 
ever, the resemblance ceases, and the presence of an anal opening to the 
digestive tube marks the Rotifers as standing on a higher level than the 
Turbellaria. It seems probable, however, that the similarities do indicate 
the ancestry, and that the Rotifera have been derived from the Turbellarian 
type. 

"Another possibility which has been suggested is to the effect that they 
are derived from the form represented by the Trochophore larva of the 
Annelida (see p. 213). The principal argument for this view is found in the | 
arrangement of the trochal cilia, which, in the occurrence in many cases of 
both preoral and postoral bands, certainly resembles not a little that of 
the Trochophore larva. It must be remembered, however, that the similar- 
ity in the arrangement of the cilia is not quite perfect, and that it may be 
without phylogenetic significance, having been acquired independently in 
the Rotifers and in the Trochophore larva ; and furthermore it is noticeable 
that in one important character at least a marked difference is found, the 
nervous ganglion lying in the Rotifers behind instead of before the preoral 
band of cilia. The most that can be said at present is that the Rotifers 
show closer structural affinities to the Turbellaria than to any other group, 
and that it is probable that they represent the culmination of a line of 
development originating in that group, and furthermore that it is possible 
that they represent the ancestral annelid form indicated by the Trocho- 
phore larva. 


Order Gastrotricha. 


The Gastrotricha are minute forms, few exceeding 0.2 mm. 
in length, which occur in fresh water and have an elongated 
form flattened somewhat on the ventral surface, tapering 
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posteriorly to end usually in one or two cercal processes, 
and anteriorly show a dilatation succeeded by a more or 
less well-marked narrow region, the two giving rise to a 
head and neck. The body is covered upon the outside by a 
cuticle, which may be smooth as in the genus J/chthydium, or 
take the form of overlapping scales as in Chetonotus (Fig. 95), 
sometimes bearing spine-like prolongations. Along the ven- 
tral surface two bands of cilia run from 

the posterior part of the head region 
almost to the hind end of the body, 
and in addition to these patches of 
cilia are found upon the ventral surface 
and on the sides of the head, some of 
which are undoubtedly sensory in func- 
tion. Beneath the cuticular covering 
lies the ectoderm in the form of a layer 
of protoplasm in which no cell outlines 
can be perceived, but which contains 
numerous scattered nuclei. A pair 
of longitudinal muscle-bands lie be- 
neath the ectoderm on the dorsal sur- 
face, and other bands traverse the 
coelom in an antero-posterior direction. 
Transverse and circular muscles are, 
however, absent. A distinct coelom is 
y % present, the greater portion of which 

Fie. 95.—Chetonotus maci- i. occupied, however, by the internal 


Mus (after ZeLINKA). 2 it : t li d it} . 
eg = nerve-ganglion. organs; 1t 1S no ined with a peri- 


O--- == HS 


dr = glands, toneal epithelium, nor are any mesen- 

é = intestine. teries present. 
m= eel ees The mouth is situated at the an- 
peg a Hb, terior extremity of the body and opens 
o¢ = esophagus, into a muscular cesophagus («), which 
ov = ovary. opens in turn into the cylindrical 


stomach (7). To this succeeds a short intestine opening to 
the exterior at the posterior extremity of the body. 

No blood vascular system is present, but the excretory sys- 
tem consists of a single pair of much-convoluted tubes (nephr) 
which terminate at one end in a closed ciliated “funnel,” 
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while at the other they open on the ventral side of the body 
to the exterior. The reproductive system (ov) consists of two 
groups of germ-cells lying in the posterior part of the body, 
one on each side of the digestive tract, but no oviduct has been 
definitely made out to exist. With regard to the testes some 
uncertainty exists, an oval body lying in the same region of 
the body as the ovaries, but beneath the intestine, having been 
described as such an organ, though the identification is open 
to question. If, however, the body in question be the testes, 
the animals are hermaphrodite. As in the case of the female 
organ no ducts have been observed leading from the testes, 
and nothing is known as to the method by which the sexual 
products are extruded. 

The nervous system (n) consists of a large ganglionic mass 
which lies above the cesophagus in the head region, and from 
the posterior border of which two processes, one on each side 
of the middle line, are directed posteriorly and dorsally, 
perhaps representing the origin of a pair of nerves, while the 
postero-external angles of the ganglionic mass are continued 
backwards to near the posterior extremity of the body to 
form the lateral nerves. Certain of the elongated cilia found 
on the head no doubt function as sense-organs, coming into 
intimate connection at their bases with the cells of the supra- 
cesophageal ganglion ; in addition to these sense-organs eyes 
have also been described as occurring in some species, either 
in the form of simple patches of pigment lying in the integu- 
ment above the brain, or else of such patches provided with 
lens-like structures. 

The affinities of the Gastrotricha seem almost certainly to be with the 
Rotifera, many of the structural features being exceedingly similar in the 
two groups. The principal differences are to be found in the arrangement 
of the cilia and in the structure of the nephridia. With regard to the 
former it seems not improbable that in the arrangement seen in the Gastro- 
tricha a relic of a more primitive uniform ciliation is presented, and that 
in this particular as well as in the greater simplicity of the digestive tract, 
and in the general form of the body and life-habits, the Gastrotricha 
approach more nearly an ancestral Turbellarian form than do the Rotifera. 
The nephridia depart much more widely, however, from the Turbellarian 
condition than do those of the Rotifera—a fact which argues against the 
more primitive character of the Gastrotricha, as does likewise the absence 
of ducts for the reproductive organs. Whether, therefore, the Gastrotricha 
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are to be considered as representing the ancestral form from which both 
they and the Rotifera have descended more nearly than the latter group, 
or whether they are modifications of the Rotifer type of structure and have 
had for their ancestors forms which were Rotifer-like in structure, it is 
difficult to say ; though the balance of evidence seems to tip in favor of 
the former view. 

Attention should be called, however, to a possible affiliation of the Gas- 
trotricha with the Echinodera. If, as has been suggested (p. 186), the seg- 
mentation of the latter has no phylogenetic significance, it is not difficult 
to trace similarities of structure in the two groups, the principal differ- 
ences being connected with external parts. It is by no means improbable 
that the Gastrotricha, Rotifera, and Echinodera form a series, each of the 
groups being of equivalent rank, and related to each other somewhat as 
are the Turbellaria, Trematoda, and Cestoda. 


Genus Dinophilus, 


The genus Dinophilus includes some small marine organ- 
isms all of which are referable to a small number of species. 
The body (Fig. 96) is cylindrical and consists of a head segment 
followed by from 5-7 trunk segments (the 
number varying according to the species), 
: each of which bears a ring of cilia, inter- 
i-°S rupted ventrally by a uniform ciliation which 
covers the entire ventral surface. The 
head is likewise provided with a ring of 
cilia which is usually double, one of the 
constituent bands passing in front of the 
mouth and thé other behind it, the area in- 
tervening between these two bands being, 
in one species at least, occupied by smaller 
cilia. The musculature of the body-wall 
is but weakly developed, though both an 
external layer of circular fibres and an in- 
ternal one of longitudinal fibres may be 
found, both layers being absent in one 
species in the dorsal region. The ecelom 
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Fia. 96.— Dinophilus 
gyroctliatus (after 


MAYER). 
ne = nephridium. is traversed by a network of branching cells 
’ 
CO Ovary there being no special peritonea 
sg = salivary gland. 8 P P I layer, and 


no musculature in the walls of the intestine, 
The mouth is situated on the ventral surface at the junc. 
tion of the head and first trunk segments, and leads into a 
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wide ciliated cesophagus, beneath which lies a muscular pro- 
boscis contained in a special sheath and protrusible through 
the mouth-opening. Behind the esophagus is a proventriculus, 
a small thick-walled ciliated cavity, into which, at its junction 
with the cesophagus, a pair of salivary glands (sg) pour their 
secretion. Behind, the proventriculus communicates with a 
cylindrical stomach, upon which follows the short straight in- 
testine, terminating in the anus at the posterior end of the 
body. 

There is no blood vascular system. An excretory system 
is present, consisting in D. gyrociliatus and D. teniatus of five 
pairs of nephridia (ne) which open externally on the sides of 
the body and terminate in the ccelom-spaces in a funnel con- 
taining a flame-like bunch of cilia. Whether a direct commu- 
nication between the lumen of the nephridial tubes and the 
coelom exists in all cases has not been definitely ascertained, 
but a similarity of structure to the Platyhelminth type of 
nephridium is shown by the flame-like bunch of cilia and by 
each nephridium being composed of a series of perforated cells. 
The reproductive organs are separated in different individu- 
als; and in one species, D. gyrociliatus, a marked sexual dimor- 
phism similar to that occurring in the Rotifera exists, the 
male being much smaller than the female and possessing only 
the ciliated ring of the head and the ventral ciliation; and 
furthermore the digestive tract and the principal sense- 
organs are entirely wanting. The reproductive elemeuts (ov) 
are shed into the coelom-spaces and find their way to the ex- 
terior in some species at least by means of the most posterior 
pair of nephridia, which in the male of D. teniatus are trans- 
formed into seminal vesicles and are connected with an intro- 
mittent organ situated in the posterior segment. | 

The nervous system consists of a brain or supracesophageal 
ganglionic mass which occupies the greater portion of the 
head segment and from which two nerve-cords pass back- 
wards in the lateral region of the body, and in D. tentatus 
possess ganglionic enlargements equal in number to the pairs 
of nephridia and the trunk segments and are connected by 
transverse commissures. In other species, however, these 
structures have not been observed. Eyes occur imbedded 
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in the substance of the supracesophageal ganglion, and tactile 
hairs occur at various regions of the body. 


Affinities of Dinophilus.—The descriptions given of the various known 
species of Dinophilus indicate a considerable variation in the structure of 
certain parts, more especially of the nervous system, which in D. teniatus 
partakes of the metamerism shown by the nephridia and the bands of cilia, 
while in other forms it is apparently non-metameric. This would indicate 
either that the metamerism has been acquired within the limits of the 
genus, or else that those forms lacking it are degraded in this respect and 
have descended from metameric ancestors. There is little justification to 
be found, however, for the calling in of degradation to explain obscure re- 
lationships unless there is sufficient collateral evidence to support such an 
appeal ; in the present case this seems to be absent, and the marked simi- 
larity of the non-metameric nervous system to that of the Turbellaria sug- 
gests an origin from these forms and favors the first hypothesis as to the 
origin of the metamerism. The nephridia also and the character of the 
coelom strengthen the probability of a Turbellarian ancestry. 

A close relationship to the Rotifera has also been suggested and is not 
debarred by the supposition of a descent from Turbellarian forms; but it 
seems doubtful if such a relationship can be other than a very distant one. 
The position of the supracesophageal ganglion relatively to the cephalic 
cilia or prototroch, and the paired arrangement of the nephridia as well as 
the occurrence of circular fibres in the subepidermal musculature, stand 
in opposition to the view, and the most that can be said is that both 
Dinophilus and the Rotifera are to be referred back to closely-similar 
ancestors. 

The affinities of Dinophilus and the Rotifers to the Annelida will be 
discussed in connection with the latter group (p. 217). 


SUBKINGDOM METAZOA. 


Order Echinodera.—Body cylindrical, with 11 rings ; no cilia ; with pro- 
boscis ; minute forms; marine. Zchinoderes. 

Class CHmToGNaTHA.—Marine ; body divided into three segments; with 
lateral and tail fins; mouth with chitinous jaws composed of 
series of strong bristles. Sagitta, Spadella. 

Class Rorirera.—Anterior end provided with a retractile crown of cilia ; 
minute forms both aquatic and marine. Floscularia, Melicerta, 
Lacinularia, Philodina, Brachionus, Asplanchna, Trocho- 
sphera, Pedalion, Hexarthra. 

Order Gastrotricha.—Minute forms both marine and aquatic ; ventral sur- 
face of body ciliated; no anterior crown of cilia. Ichthydium, 
Chetonotus. 

Genus Dinophilus.—Small marine forms ; body with 5-7 segments, each 
with a ring of cilia. 
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CHAPTER X. 


TYPE ANNELIDA 


THE type Annelida includes a series of forms among 
which metamerism reaches a high grade of development. In 


ANNELID. 


anus. 
cerebral ganglion. 
mouth. 

ventral nerve-cord. 
prostomium. 


what may be considered a typical Annelid 
(Fig. 97) a number of segments or meta- 
meres succeed one another from the 
head to the tail, each one resembling its 
predecessor and its successor in all its 
parts ; the nephridia, reproductive organs, 
nerve-ganglia (7), and appendages, when 
present, are repeated in each successive 
segment, and each metamere is marked 
off from its fellows, externally by a groove 
surrounding the body and internally by 
a partition or dissepiment extending 
transversely across the ccelom from the 
body-wall to the digestive tube. This 
latter structure and the blood vascular 
tubes cannot well from the nature of 
things be divided metamerically, but are 
continuous from one end of the body to 
the other, showing, however, in the meta- 
meric pouches and intermetameric con- 
strictions of the digestive tract, and in 
the metamerically arranged lateral vessels 
of the blood vascular system which encir- 
cle the digestive tube, indications of the di- 
vision which has affected the other organs, 

Two segments, however, the head 
(pr) and the tail, usually present differ- 
ences from the rest in their structure : 


the head or anterior metamere bears sense-organs when 
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these are developed, is destitute of nephridia in the adult, 
and contains primarily the supracesophageal ganglion of the 
nervous system (Fig. 97, ce), the ganglia of the trunk meta- 
meres (n) lying ventrally to the digestive tube; while the tail 
segment bears the anal opening and usually presents other 
characteristics which distinguish it from the preceding seg- 
ments. It is rare, however, leaving aside this antero-pos- 
terior differentiation, that a perfect metameric condition is 
found in any Annelid. Secondary changes may interfere 
with the similarity of all the metameres; a suppression of 
parts usually present in some of the segments may occur, as, 
for instance, where the reproductive organs are confined to 
one or two metameres, or again there may occur a differentia- 
tion of the anterior appendages for a special function where- 
by a marked dissimilarity between the anterior and posterior 
metameres is produced. Finally, owing to peculiar habits of 
life, the metamerism may be almost or completely lost, being 
indicated only, perhaps, by one set of organs, such as the 
nerve-ganglia, or else only evident in the larval stages. Para- 
sitism or a fixed or tubicolous habit of life are among the 
principal causes of this degeneration, examples of which will 
be seen later. 

In consequence of this degeneration some Annelids pre- 
sent a metamerism of a lower grade than that found in such 
forms as the Nemerteans. Other peculiarities of structure 
occur, however, which serve, together with the indications of 
metamerism, to mark out the Annelid type. One of these 
peculiarities is the occurrence in nearly all forms of a series 
of nerve-ganglia along the ventral nerve-cords ; this feature 
is of course a part of the metamerism, but it is not usually 
marked in the metamerism of the nervous system seen in 
lower forms. In these scattered ganglion-cells occur all along 
the nerve-cords, which extend backwards from the brain, 
while in the Annelids these scattered cells are associated 
together to form metameric ganglia. Another peculiarity is 
found in the structure of the nephridia. These are no longer 
in all cases rows of perforated cells closed at the inner end 
by a flame-cell, but may consist of more or less convoluted 
tubes lined by ciliated epithelium and open as a rule into 
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the celom by a wide funnel-like extremity. Provisional 
kidneys of the Turbellarian type occur in the larve of many 
Annelids, but the nephridia of the adult are, as a rule, of the 
character just indicated and depart widely from the Turbel- 
larian character. In the third place the reproductive organs 
are developed in the peritoneal lining of the ccelom and are 
not usually (except in the Hirudinea) provided with special 
ducts. When mature the ova or spermatozoa are simply 
shed into the colomic cavity and make their way to the 
exterior through the ordinary nephridia, or through nephridia 
specially modified for the purpose. Finally it may be mem- 
tioned that a blood vascular system is usually present. 


I. Crass Chetopoda. 


The Chetopoda are Annelids in which the external seg- 
mentation of the body corresponds with the internal seg- 
mentation of the organs, and which bear along the sides of the 
body two rows of pouches, the seta-sacs, the cells lining which 
secrete chitinous spicules or sete of various shapes, which 
serve for the purpose of locomotion or in some cases consti- 
tute a defensive armament. ‘ 

The class is conveniently divisible into two subclasses, 


Subclass I. PoLYcHETA. 


The forms included in this subclass are exclusively ma- 
rine, and are characterized by the presence on the sides of a 
greater or less number of the metameres of a pair of hollow 
processes of the body-wall upon which the seta-sacs occur 
and which are known as parapodia. In a few forms (Serpula) 
the parapodia, and indeed the sete as well (Polygordius), may 
be absent, and in others, such as Clymenella, they may be very 
much reduced in size, but as a rule they possess a high de- 
gree of development. In its typical form a parapodium 
(Fig. 98) consists of a dorsal and a ventral lobe each of which 
bears seta-sacs and sete (s). Towards the base of each lobe 
there may frequently be found a slender hollow process, the 
dorsal and ventral cirrus (de and vc), and plate-like or more 
or less dendritic appendages, the branchie (br), either modifi- 
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cations of the cirri or branches arising from them, and 
respiratory in function, also occur. Muscles pass from the 
body-wall to the parapodia, which thus 
become important organs of locomo- 
tion and in some of the actively swim- 
ming species assume a more or less 
flattened plate-like form. 

The head segment is generally well 
differentiated from those which succeed 
it, being destitute of parapodia and 
sete, and as a rule carrying a number 
of appendages sensory in function, and 
being likewise usually provided with 
eyes. The cephalic appendages may 
be short and rather stout, forming». _ yianchi 

; r = branchia. 
what are termed palpi (Fig. 100, P)s de = dorsal cirrus. 
or somewhat longer and more slender, 8 = sete. 
forming the cirri (c), or even still more —-** = ventral cirrus. 
slender, being then known as tentacles (t). 

‘The body is enclosed in a chitinous covering secreted by 
the subjacent ectoderm, here known as the hypodermis (Fig. 
99, hy). The musculature of the body-wall which lies below 
the hypodermis is separated from this by a basement-mem- 
brane and consists of an external layer of circular fibres (cm) 
and a subjacent layer of longitudinal fibres (/m) which is, as 
a rule, interrupted in the mid-dorsal and ventral lines and 
also in the region of the two lobes of the parapodia so as to 
form four bundles. Special muscles extend from the body- 
wall to the base of the seta-sacs, and furthermore a pair of 
muscle-bands cross the cavity of each metamere, in typical 
cases passing from the lateral regions of the dorsal surface 
downwards and inwards to be inserted into the ventral body- 
wall on each side of the median line. The inner surface of 
the longitudinal muscle-layers is lined with a layer of peri- 
toneal cells which completely enclose the ccelom (co) of each 
metamere, being reflected upon the surfaces of the dissepi- 
ments which form the internal partitions between adjacent 
metameres. The separation of the celomic cavities of the 
metameres is, however, rarely perfect, openings occurring here 


ve 


Fig. 98.—PAaRraPoDIUM OF 
Nereis virens. 
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and there in the dissepiments, and in some forms, such as Capi- 
tella, a number of the dissepiments may at the breeding season 
completely degenerate so that the cavities of the. various 
metameres concerned become perfectly continuous. The 
colom of each metamere consists in reality of two sacs which 
are folded around the digestive tract, which they enclose, 
and come into contact with each other above and below the 
intestine, forming the dorsal and ventral mesenteries (Fig. 99, 
dm and wm). That wall of each sac which lines the muscula- 
ture of the body-wall is termed the somatic layer of the peri- 
toneum, while that surrounding the digestive tract is the 
splanchnic layer. 

The blood vascular system consists of a dorsal vessel 
(Fig. 99, db) which runs along the mid-dorsal line of the diges- 
tive tract and which is frequently contractile in portions of 
its course, serving as a heart, and a ventral vessel (wb) lying 
below the digestive tract, and being connected with the dor- 
sal vessel by lateral trunks, arranged metamerically. From 
these vessels branches are distributed to the various regions 
of the body. The blood is frequently colored, usually red, 
and contains colorless corpuscles, the coloring-matter being 
dissolved in the plasma in which the corpuscles float. The 
blood vascular system is completely closed throughout its 
entire course, never opening into sinuses without definite 
walls. In addition to the blood which circulates within this 
definite system of tubes the ccelom also contains a corpuscu- 
lated fluid, frequently colored and approaching blood very 
closely in its characters. This hemolymph contains corpus- 
eles, usually amceboid in form, and may circulate through the 
body from one metamere to another through openings in the 
dissepiments. In a few forms, such as Capitella, it may fulfil 
the functions of the blood, a true blood vascular system being 
wanting, and in this case contains, in addition to the colorless 
amceboid corpuscles, others which are disk-shaped and pig- 
mented. It seems probable, however, that the absence of a 
true blood vascular system is a purely secondary phenome- 
non, and accordingly does not indicate a primitive condition. 

The mouth is situated on the ventral surface of the body, 
at the junction of the head metamere with the first trunk 
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metamere, and leads in many forms into a strongly muscular, 
usually protrusible pharynx provided with chitinous teeth. 
Upon the pharynx follows the usually straight intestine which 
opens to the exterior at the posterior extremity of the body. 
In Capitella and the allied genera, as well as in certain mem- 
bers of the family Eunicide, an accessory intestine lies ven- 
trally to the principal one, into which it opens either both 
anteriorly and posteriorly or else auteriorly alone. This ac- 


Fig. 99.—Draaram OF TRANSVERSE SECTION OF ANNELID (combination of 
figures by Lane and ExLers). 


br = branchia. @ = intestine. 

¢ = cirrus. im = longitudinal muscles. 
cm = circular muscles. ne = nephridium. 

co = célom. ov = ovary. 
db = dorsal blood-vessel. p = parapodium. 
dm = dorsal mesentery. ub = ventral blood-vessel. 
hy = hypodermis. um = ventral mesentery. 


un = ventral nerve-cord. 


cessory intestine is ciliated and seems never to contain food- 


matter; it has been considered to be respiratory in function | 


i 


and seems to be a special development of a ciliated groove | 


which runs along the ventral surface of the intestine in cer. — 


tain other forms. Pouch-like outgrowths of the intestine are 
frequently present and may sometimes become essentially 
glandular in function. In Hesione and in certain species of 
Syllis pouches communicating with the anterior part of the 
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digestive tract occur, which normally are filled with air and 
are richly supplied with blood-vessels; they may be respira- 
tory in function, and have been compared to the swim-bladder 
of fishes. 

The nervous system is well developed in all Polycheta, 
and consists of a suprawsophageal ganglionic mass situated in 
the head segment, frequently presenting a division into sev- 
eral lobes. From it various nerves arise passing to the an- 
terior segment, and in addition a strong cord passes from it 
ventrally on either side of the cesophagus to unite with a 
ganglion lying below the cesophagus in the second metamere, 
forming the circumesophageal commissure. To the subcesopha- 
geal ganglion of the second metamere there succeeds a 
pair of ganglia in each metamere, each pair being united 
with the preceding and succeeding pairs by two longitudinal 
cords of nerve-fibres, the connectives, the whole constituting 
the ventral nerve-chain, and furthermore the ganglia of each 
pair are united by a transverse commissure. The ventral 
nerve-chain has therefore a distinctly ladder-like arrange- 
ment, frequently somewhat obscured, however, by the approxi- 
mation of the ganglia of each pair and a consequent shorten- 
ing of the transverse commissures. From the various ganglia 
nerves arise which pass to the musculature of the metameres 
and to the hypodermis and its sense-organs. In the major- 
ity of forms the nervous system lies freely in the ccelom 
surrounded by a special sheath, but occasionally in various 
forms widely separated genetically from one another, such as 
Polygordius and the Opheliaceex, it presents a primitive char- 
acter in being completely imbedded in the hypodermis, 
recalling the condition in certain Nemerteans and in the 
Cnidaria. Special nerves arising from the supracesophageal 
ganglion are supplied to the walls of the digestive tract, form- 
ing the so-called stomatogastric nerves. 

Sense-organs of various kinds are of frequent occurrence 
at different portions of the body of the Polycheta. In addi- 
tion to the cephalic and caudal cirri which are richly supplied 
with nerves and are presumably tactile in function, eyes are 
of very general occurrence. They are usually situated on the 
head, sometimes in connection with the hypodermis and 
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sometimes imbedded in the dorsal surface of the brain. For 
the most part they consist of a cup of pigment-cells, in which 
numerous sensory cells are present—a lens being in some 
instances developed above each eye. Occasionally, however, 
as in the pelagic genus Alciope, the eyes reach a high grade 
of development. In some forms they are not confined to the 
region of the head, as for instance in the genus Polyophthalmus 
—so named from the fact that pairs of eyes are found on the 
sides of a number of the trunk metameres; in the majority 
of tubicolous Annelids eyes are found in considerable num- 
bers upon the branchial lobes of the head segment, the genus 
Vermilia possessing somewhere in the neighborhood of 11,000 
separate ocelli in this region. These eyes are simply differ- 
entiations of the ectoderm, and in many cases are still situated 
in the hypodetmis ; they consist of a number of cells which 
are prolonged at their inner ends into a nerve filament, while 
peripherally their protoplasm is converted into a refractive 
substance, each of these cells being separated from its neigh- 
bors by pigment deposited in its peripheral layers, as well as 
by a number of smaller pigment-cells. On account of this 
pigment-sheath it is presumable that each of these optic 
elements or ommatidia functions more or less independently 
of the rest, and the eyes are to be considered as compound, 
composed of a number of independent parts each of which is 
physiologically an eye. 

Auditory organs or otocysts also occur in certain forms, 
but cannot be considered as typical of the Polycheta. In 
Arenicola they consist of two sacs lying in close proximity to 
the circumcesophageal commissures and connected with the 
exterior by a narrow canal, indicative of their origin as invag- 
inations of the hypodermis. The walls of the sack are formed 
by columnar cells terminating below in a plexus of nerve- 
fibrils and covered on the surface turned towards the cavity 
of the otocyst with a firm homogeneous cuticle, and not pos- 
sessing any terminal hairs. In the cavity a varying number 
of spherical particles of carbonate of lime, the otoliths, are 
found. In some forms a number of such otocysts are present, 
as in Aricia, where four or five pairs have been found in adult 
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individuals; but in the majority of species they do not seem 
to be developed. 

Ciliated depressions which have been supposed to be 
olfactory have been described as occurring in the anterior 
region of the body in various species, reaching a high devel- 
opment in the Capitellide, where they form club-shaped sacks 
capable of being evaginated. In addition there are to be 
found scattered on the surface of the body minute beaker-shaped 
depressions, at the bottom of which are cells bearing long 
hairs and presumably sensory in function ; and furthermore 
in a few forms, such as the Capitellide and Polyophthalmus, a 
series of sensory hillocks occur along the sides of the body— 
a pair in each metamere, forming the sense-organs of the lateral 
line. In the Capitellide these organs are in the anterior met- 
ameres contained in depressions, but more posteriorly they 
project slightly from the surface. The central part of each 
projection is retractile and is formed of a number of hair-cells, 
each of which is in connection at its inner end with a nerve- 
fibril. No little interest attaches to these organs, which 
forcibly recall, both in their structure and distribution, the 
lateral line organs of the lower Vertebrates. 

The nephridia (Fig. 99, ne), in typical adult forms, occur 
as a single pair in each metamere except the two terminal | 
_gnes. Each consists of a usually contorted or coiled tube 
lined with cells opening by a funnel-shaped mouth into the 
celom of the metamere, perforating the dissepiment between 
it and the next metamere in which the greater portion of it 
lies and in which it opens to the exterior by a small pore sit- 
uated on the ventral surface of the body at the base of the 
parapodium. It is rare, however, that any such metameric 
regularity of arrangement occurs, and very frequently they 
become reduced to a small number, or even to two pairs; in 
the tubicolous forms a few pairs are frequently found in the 
anterior portion of the body much larger than any of the rest. 
In addition to their original excretory function they may also 
serve as outlets for the reproductive elements, and in some 
cases become specially modified for this purpose and lose 
their original function. 
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In Capitella only one pair, that of the eighth metamere, becomes con- 
verted into a genital duct; and it is interesting to note that in this same 
segment a true excretory nephridium is also present. Whether this indi- 
cates or not the occurrence originally of more than one pair of nephridia in 
each metamere remains to be seen, but it is interesting in connection with 
what occurs in the Oligocheeta (see p. 223). 

The reproductive organs consist of local thickenings of the 
peritoneal epithelium (Fig. 99, ov) in more or fewer of the 
segments. The ova or spermatozoa fall when ripe into the 
celomic cavity and pass to the exterior by the nephridia. 
With very few exceptions the Polycheta are bisexual. 

The classification into smaller groups is to a certain ex- 
tent artificial at present, and does not profess to have any 
phylogenetic significance. Three orders may be recognized. 


1. Order Archiannelida. 


This order includes a few forms which are supposed to 
present more primitive structural characteristics than the 
remaining Polychets. They show as a rule but indistinct 
traces of an external segmentation, and are entirely devoid of 
either parapodia or setw. Tentacles occur at the anterior 
extremity of the head metamere; but no other appendages, 
such as cirri or branchie, occur. The nervous system is im- 
bedded in the hypodermis, and the nephridia are short tubes, 
a single pair occurring in nearly every segment. To this 
group belong the genera Polygordius and Protodrilus. 


2. Order Errantia. 


In this order are placed the free-swimming or creep- 
ing Polycheta, in which a considerable similarity of the 
various trunk metameres occurs. The parapodia are as a 
rule well developed, and occasionally are broad and plate-like 
in adaptation to a free-swimming existence. Branchiw are 
usually found on the dorsal lobes of a considerable number 
of parapodia; the head is distinctly marked off from the 
trunk and may bear eyes; while the anterior portion of 
the digestive tract is converted into a protrusible pharynx, 
usually armed with chitinous teeth. To this order belong 
the genera Nereis (Fig. 100), usually found lurking beneath 
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stones during the day-time, but becoming, in some species at 
, least, free-swimming at night; Lepidonotus, characterized by 
the possession of elytra arranged in overlapping series on the 
dorsal surface ; Diopatra, which forms tubes for itself by glu- 
ing together particles of foreign matter; and Aztolytus and 
Syllis, which are peculiarly pelagic in habit, as is also Alciope, 
characterized by its large highly-organized eyes. 


3. Order Sedentaria. 

This order includes a number of forms which manufacture 
for themselves tubes of various substances—some being 
merely composed of particles of sand glued together by an 
adhesive secretion, while others consist of a chitinous sub- 
stance, to which foreign bodies may be added, or even of car- 
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bonate of lime. Within these tubes the animals permanently 
reside, and in conformity with this mode of life numerous 
adaptations of structure are found. The head is usually pro- 
vided with a number of long cirri and the branchie are for the 


most part confined to the head region. In some forms, such 
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as Serpula and Sabella, plume-like branchiw supported by an 
axial cartilage-like skeleton occur upon the sides of the head, 
and numerous eyes may be found in the hypodermis of these 
structures. Parapodia are as a rule but slightly developed, 
sometimes being entirely wanting though the set# persist, 
those of the lower parapodial lobe being usually hook-like. 
The protrusible pharynx with chitinous teeth does not for the 
most part occur. Amphitrite (Fig. 101) lives in tubes in sand, 
while Zerebella composes tubes by gluing together particles 
of sand. In Sabella the tubes are membranous in character, 
while Serpula manufactures more or less contorted tubes of 
carbonate of lime. 

Development of the Polycheta.— An important feature in 
the development of the Polycheta is the occurrence of the 
Trochophore larva. <A typical example of this larva is to be 
found in the development of Polygordius ; it is a transparent 
organism, having the form of two low cones united by their 
bases (Fig. 102). Just below the junction of the two cones is 
the mouth (J/), leading by a short stomodceum or cesophagus 
into a retort-shaped stomach, the intestine opening at the 
apex of the lower cone. Above the mouth, along the line 
where the two cones are united, lies a band of strong cilia 
arranged in two rows and forming an almost complete girdle 
for the body, being wanting, however, in the mid-dorsal region. 
This is the prototroch (pro) or preoral band of cilia, and par- 
allel to it is a second weaker band which passes behind the 
mouth—the paratroch (po) or postoral band. The slight 
groove between the two bands is lined by fine cilia, the adoral 
cilia, and in some Trochophores a band of fine cilia extends 
backwards along the ventral surface of the body towards the 
apex of the lower cone. 

At the apex of the upper cone is a strong thickening of 
the ectoderm, the apical plate (ap), which is nervous in function 
and bears a number of strong cilia and may also have imbedded 
in it pigment-spots which function as light-percipient organs. 
From the apical thickening four nerve-cords (n) extend back- 
wards, one being dorsal, the other ventral, and the remaining 
two, stronger than the others, lateral. A series of fine nerve- 
rings arranged concentrically about the apical thickening unite 
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these cords at regular intervals, the lower ring being con- 
nected with the cells which bear the protrochal cilia and 
forming the prototroch nerve. 

At the apex of the lower cone and ventral to the intestine 
lie two cells, or two masses of small cells, which constitute the 
mesoblasts and give rise to two longitudinal mesoblast bands 
(mb). A few scattered cells are also found between the ecto- 
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derm and the digestive tract, some of which elongate and be- 
come muscle-fibres (m), and which have been thrown off from 
the mesoblast bands. In some forms a band of muscle-fibres 
underlies the prototroch cells. In the neighborhood also of 
the mesoblast bands in the posterior cone there occurs on 
either side of the digestive tract a small, sometimes branched, 
tubular body, the head-kidney (ne). Each kidney consists of 
a row of perforated cells, terminating in a funnel-shaped 
structure closed at its mouth by a cell, the whole structure 
thus agreeing closely with the nephridia of the Platyhelminths. 

From such a larva the adult condition is derived by the 
gradual elongation of the posterior part of the body—an 
elongation with which the mesoblast bands keep pace, the 
mesoblasts retaining their position at the posterior extremity, 
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and continually adding to the bands by the formation of new 
cells. The bands as growth proceeds break up into a number 
of masses, the mesoblastic somites, in the interior of which 
cavities appear, and adjacent pairs of masses growing dorsally 
and ventrally finally come into contact above and below the 
digestive tract, the dorsal and ventral mesenteries of the 
intestine being thus formed, and later a metamerization of the 
body-wall, corresponding with that of the mesoderm, also takes 
place. The anterior cone of the larva, which at first sur- 
passed in size the posterior one, gradually becomes smaller, 
and the prototrochal cilia, and in some cases the cells also, are 
thrown off. The apical plate takes part in the formation of 
the supracesophageal ganglion of the adult, and the lateral 
nerve-cords arising from it form the cireumcesophageal com- 
missure, becoming connected with thickenings of the ventral 
hypodermis arranged metamerically and representing the ven- 
tral chain of ganglia. The head-kidneys gradually disappear, 
being merely provisional larval structures, and new nephridia 
of the Annelid type develop from the mesoderm of the trunk- 
metameres. 

Although the Trochophore larva occurs in the life-history of many of 
the Annelids, as well as in other groups as will be seen later, yet never- 
theless it is not invariably present. In some forms a single band of large 
cilia.runs around the middle of the body, which is elsewhere uniformly 
ciliated, while in others the cylindrical larva is surrounded by several 
bands of cilia succeeding one another at definite intervals. In certain 
species the larva is provided with very long sete which are thrown off 
during larval life, and are interesting on account of similar sete having 


been found in fossil forms, though absent in recent adult species. 
It is also worthy of note that in some forms the Trochophore larva is 


- succeeded by a well-marked stage in which, in addition to the head seg- 


ment, three trunk segments are developed. It is possible that this may 
represent an ancestral form from which certain other groups have taken 
their origin. 

In what may be considered exceptional cases a non-sexual repro- 
duction by budding also occurs. In the genus Protea a zone of growth 
occurs in the sixteenth segment, and at this point later separation takes 
place, a new head developing for the posterior individual from the original 
seventeenth segment. In one species of Syllis the new individuals 
arise not only in a linear series but also as lateral buds, so that a 
branching colony is produced ramifying through the canal system of the 
Hyalosponge in which the form lives. The buds eventually separate as 
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sexually mature male and female individuals which, since they differ from 
the parent form in possessing more highly developed eyes as well as a 
more perfect adaptation of the parapodia for swimming, probably leave the 
sponge and swim about freely in the ocean distributing their sexual elements. 
If this be the case, this species presents both colony formation and alterna- 
tion of generations, the latter phenomenon being also manifested by other 
species of Syllis and by Awtolytus, in which buds are produced linearly, 
differing from the parent in the structure of the parapodia and separating 
to lead a free existence as male and female individuals. A modification of 
this process is found in certain species of Wereis, in which at the time of 
sexual maturity the posterior segments of the body develop sete more 
perfectly adapted for active locomotion by swimming than were those of 
the immature form; these sexually mature forms were at one time 
referred to a separate genus, Heteronereis. 

’ The Phylogeny of the Polycheta.—The origin of the Polycheeta has been 
within recent years the subject of considerable discussion. The discovery 
of the wide distribution of the Trochophore larva led to the supposition 
that it was an ancestral form, from which the Polycheta had been de- 
veloped by a process of linear budding, each metamere of the Polychet 
body being equivalent to the original Trochophore and the adult organism 
being a co-ordinated succession of Trochophore individuals. Other authors, 
however, who do not see in metamerism the result of a budding of the 
individual, but rather the multiplication of its subordinate parts, are in- 
clined to refer the Annelids to a Nemertean-like ancestor and to consider 
the Trochophore larva a purely secondary adaptation. Between these two 
views it is difficult to decide, and it is possible that in their plain statement 
neither is quite correct, though each may contain certain elements of 
truth. 7 

It seems exceedingly probable that a larval form which is met with in 
the life-history of the Annelids and Mollusca, as well as in a modified form 
in other groups, has some ancestral significance. It is difficult on any 
other hypothesis to explain its occurrence in widely different groups, since 
it seems hardly probable that it could have arisen independently in several 
instances. Convergent evolution could hardly be carried to such an ex- 
tent as to produce in the Mollusca, quite independently of any genetic 
relationships, a larva resembling in all its structure that of an Annelid. 
If the Trochophore occurred only in the Annelids, it might be quite possible 
that it had made its appearance in the life-history of some primitive 
Annelid as a secondary modification of a more primitive larva, and had 
reappeared subsequently in the life-history of all forms descended from this 
Annelid ancestor, but this would not explain its occurrence also in the 
Mollusca, unless it be supposed that the members of this group have been 
derived from the primitive segmented Annelid, a view that has little to 
recommend it. The working of the biogenetic law (see p. 148) is interfered 
with in innumerable instances, and the distinguishing between examples of 
its action and secondary modifications is the most difficult task of the 
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embryologist. The evidence at present available seems, however, to point, 
in the case of the Trochophore, to its being an example of the law, and to 
this extent the first of the two views stated above is probably correct. 

But, on the other hand, this may not be the case with the second part 
of the theory. If the view as to the origin of metamerism which is advo- 
eated in this work be correct, then the Aunelid canuut be regarded as 
having arisen directly by a process of reproduction by budding of the 
Trochophore. It is not a colony of Trochophore individuals, but a single* 
elongated Trochophore whose organs have undergone repetition, producing 
a high grade of metamerism. To this extent the second of the views may 
be correct, but this does not necessarily imply that the Annelids are to be 
derived from a Nemertean-like form in which the metamerism is not quite 
so perfect. Metamerism, as here explained, is simply the following out 
into the higher individualities of the phenomenon of discontinuous growth 
or reproduction by division which characterizes the cell, and it is quite 
possible that there may be no more genetic connection between the meta- 
merism of the Nemertean and that of the Annelid than there is between 
that of the Cestode and that of the Nemertean. It may have arisen quite 
independently in the two forms, and in fact when the details of 
metamerism are examined in the two groups considerable differences are 
to be seen. 

The view here advocated in regard to the origin of the Polycheta may 
be briefly expressed as follows: The Polycheta—and with them the 
Annelida in general—have had for their ancestor a non-metameric form 
of which the Trochophore is the larval representative, and this in the 
course of its development elongated, the elongation being accompanied by 
the repetition by a budding process of certain organs, a high grade of 
metamerization being thus produced. 

The relationships of the Trochophore seem to be with the Turbellaria. 
The nervous system, consisting of the apical thickening and lateral nerve- 
cords, is very similar to that of Turbellaria, and also it is interesting to 
notice the similarity of structure of the head-kidney with the Turbellarian 
nephridium. The exceedingly small development of the parenchyma is 
probably a secondary condition, and the presence of an anus is an im- 
portant advance upon the Turbellaria. An undoubted similarity in many 
respects exists between the Rotifera and the Trochophore, and the former 
have been regarded as persistent Trochophores or else as forms descended 
from the Trochophore. This latter view in one of its phases has already 
been considered (p. 195), and an important difference in the relation of the 
supracesophageal ganglion to the prototroch mentioned. Reasons have also 
been given for the belief that the Rotifera are descended from Turbellarian 
ancestors, and it seems probable that the line of descent of the Rotifers 
was identical for a time with that followed by the Trochophore, the 
former group branching off from it shortly before the Trochophore ancestor 
made its appearance on the scene. In this respect the Rotifers and the 


218 INVERTEBRATE MORPHOLOGY. 


Trochophore are related to each other, but hardly with so close an affinity 
as would be implied by a statement that they are persistent Trochophores. 


II. Subclass OLIGOCHETA. | 


The Oligocheta are with few exceptions fresh-water or ter- 
restrial Chetopods, and present a much simpler body form 


Fie. 108.—ANTERIOR END OF 
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than do the Polychets. The first 
segment or prostomium (Fig. 103, 
pr) is devoid of tentacles or cirri, 
and only in a few forms are eyes 
present uponit. The body is divided 
into well-marked segments, but 
parapodia are lacking, though in 
the majority of forms sete, arranged 
in a more dorsal (s’) and a more 
ventral (s) group, occur on the sides 
of each metamere; in a few forms, 
however, a single series of groups 
only is present, while in Pericheta 
the sete are arranged in a ring 
around each metamere, and in Ana- 
cheta they are wanting, their place 
being indicated only by the sacks 
in which in other forms they are 
developed and which project into 
the celom as large hypodermal 
glands. Asa rule, too, no branchie 
are present, the blood being aerated 
through the walls of the body, mi- 
nute branches of the blood-vessels 
penetrating into the hypodermis in 
the terrestrial forms ; a few aberrant 
forms, however, possess either dorsal 


or ventral (Chetobranchus) appendages, which are probably 
respiratory in function, on many of the segments, while in 
the genus Dero the finger-like processes of the terminal 
metamere are probably branchie. 

The exterior of the body is covered by a well-marked cuti- 


cle, and beneath it lies 


the ectoderm or hypodermis, usually 
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rich in gland-cells and also containing numerous sensory 
cells connected at their inner ends with slender fibrils which 
pass centrally and unite with others to form nerve-cords pass- 
ing to the ventral nerve-cord. In some of the segments near 
the anterior portion of the body the hypodermis is usually 
thicker than elsewhere and richer in gland-cells, forming a 
structure known as the clitellum (Fig. 103,c). Within the hypo- 
dermis is a usually thick layer of circular muscles. and, internal 
to this, longitudinal muscles whose continuity as a layer is in- 
terrupted at the dorsal and ventral mid-lines as well as at the 
sides. Muscular dissepiments divide the coelom into compart- 
mients corresponding to the external segmentation of the 
body, and the various compartments are lined by a layer of 
peritoneal cells which along the dorsal and ventral lines is 
reflected towards the digestive tract, which it surrounds, form- 
ing a dorsal and ventral mesentery. The former of these fre- 
quently disappears, as may also the ventral one. The dissepi- 
ments are rarely perfect, being usually perforated so that the 
various coelomic compartments are placed in communication 
with each other, and in rare cases a number of the dissepi- 
ments may be wanting, as in Aolosoma, where but a single 
one separating the head from the trunk coelomic spaces oc- 
curs. On the median dorsal line of more or fewer metameres 
towards their posterior edge a small opening usually occurs, 
the dorsal pore, and similar pores are found in the head 
segment of some forms. They place the celomic cavity in 
communication with the exterior, but do not seem under ordi- 
nary circumstances to be the means of any extensive inter- 
change between the external water and the coelomic hzemo- 
lymph, though occasionally this latter fluid may find exit 
through them. Among the peritoneal cells are usually to be 
found some which enclose greenish-brown particles and may 
detach themselves from the peritoneal layer and float about 
in the hemolymph, eventually dying and disintegrating. Oc- 
casionally these chloragogue cells are specially aggregated in a 
furrow which runs along the dorsal surface of the intestine, 
and immediately surround the dorsal blood-vessel. They 
seem to be excretory in function, performing perhaps to a cer- 
tain extent the part of the liver-cells of the Vertebrata.’ 
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A circulatory system is always present, and consists of a 
dorsal longitudinal vessel lying on the dorsal surface of the 
digestive tract and a ventral one lying below it, the two 
being united in more or fewer of the metameres by one or 
two lateral vessels on each side. The dorsal vessel is con- 
tractile, the blood in it flowing towards the anterior extremity, 
and the lateral vessels are also usually contractile. Branches 
are given off to the muscles and to the various organs in reg- 
ular metameric succession, and additional longitudinal vessels 
are also found accompanying the ventral nerve-cord, two 
lateral and one ventral. In the terrestrial forms fine branches 
penetrate into the hypodermis, the aeration of the blood being 
thus effected in the absence of special branchie. The blood 
in the majority of. forms is red from the presence of hemo- 
globin dissolved in the plasma and contains colorless cor- 
puscles. As in the Polycheta the coelom contains a hemo- 
lymph in which corpuscles float. 

The digestive tract forms a straight tube, extending from 
thé mouth, situated on the ventral surface at the junction of 
the prostomium and first trunk metamere, to the terminal 
anus. The mouth opens into a short mouth-cavity, and this 
into a more or less muscular pharynx, which in most cases 
can be protruded from the mouth and is slung to the body- 
wall by numerous radiating muscular bands. To it succeeds 
a smaller cesophagus, which communicates posteriorly in ter- 
restrial forms, after in some cases dilating to form a sack-like 
thin-walled crop, with a muscular gizzard. The intestine 
which succeeds this is usually somewhat pouched, being con- 
stricted in the region of the dissepiments and bulging out 
into the intervening ccelomic cavities. In the terrestrial Oli- 
gochets its absorptive surface is increased by the projection 
into it along the dorsal surface of a longitudinal fold, the 
typhlosole, the chloragogue cells lying in the furrow produced 
by the fold. Various glands open into the digestive tract at 
different regions, as, for instance, salivary glands which open 
into the anterior part of the cesophagus in some forms, and 
calciferous glands (Morren’s glands) which contain particles 
of carbonate of lime and are found opening into the cesopha- 
gus in terrestrial forms. 
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The nervous system consists of a supracesophageal gan- 
glion (Fig. 104, ce) of a somewhat complicated structure lying 
in the anterior portion of the body. In olosoma it is con- 
nected with the hypodermis (ie., the ectoderm), but in most 
forms it lies upon the anterior part of the digestive tract, quite 
separate from the hypodermis. It differs in position from 
the corresponding ganglion of the Polycheta in that it is not 
usually situated in the anterior metamere or prostomium, but 
has passed farther back and may lie in the second, third, or 
fourth metamere or even more posteriorly. It sends off nerves 
to the sensitive prostomium and gives rise to two commis- 
sures which pass backwards and downwards on either side of 
the pharynx to unite with the subcesophageal ganglion (so), 
which, like the brain, is formed of two more or less fused lat- 
eral masses, each of which in many forms shows indications of 
being compound and formed by the fusion of two or more 
ganglia (Lwmbricus). To this there succeeds in each meta- 
mere a pair of ganglia each of which is united to its prede- 
cessor and successor by a pair of connecting cords, the whole 
ventral cord (n) so produced having a characteristic ladder- 
like arrangement. Usually the connecting cords are closely 
approximated, and the same may be the case with the gan- 
glion pairs, the whole being ensheathed in connective tissue 
so that the cord seems to be single. From each pair of gan- 
glia in Lumbricus three nerves pass out on each side, the two 
posterior ones being closely related so as to appear to be one. 
Nerves especially connected with the digestive tract, the 
stomatogastric nerves, seem to be present, but their distribu- 
tion and connections have not yet been thoroughly studied. 
In some aquatic forms a lateral nerve imbedded in the hypo- 
dermis and united anteriorly with the supracesophageal 
ganglion runs along the lateral line between the two rows of 
sete, recalling the lateral-line nerve of the Capitellide among 
the Polycheta. 

Sense-organs of various kinds are present. Tentacles are 
absent throughout the group, and in only a few forms (Nazs) 
do eyes, consisting of pigment-spots imbedded in the hypo- 
dermis, occur. Ciliated depressions at the side of the pro- 
stomial segment occur in Afolosoma and a few other genera, 
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while tactile sete or papillw are scattered over the body. In 
those forms which possess a lateral nerve sense-organs re- 
sembling those of Capitella occur metamerically along it, and 
in the genus Slavina are increased in number so as to form a 
circle of from fifteen to twenty papille surrounding each 
metamere and innervated by a branch from the lateral nerve. 
Cup-shaped organs, supposed to be gustatory, occur especially 
abundantly on the prostomial metamere. 

The excretory system has usually a typically metameric 
arrangement—a single pair of coiled tubules lying in each 
metamere. Hach tube opens by a ciliated funnel into one 
ccelomic compartment and then passes backwards, perforating 
the dissepiment, into the next succeeding compartment in 
which the coiled portion lies, and opens to the exterior in 
this metamere between the dorsal and ventral rows of sete. 
The lumen of the coiled portion of the tubule is intracellular, 
the tubule consisting in this region of a series of perforated 
cells recalling the condition found in the Platyhelminths. In 
a certain number of anterior metameres the nephridia may 
be wanting in the adult condition, though in younger stages 
provisional nephridia are to be found in these metameres 
later disappearing. 


Considerable variation is to be found in the nephridial system of the 
Oligocheeta, some of the variations suggesting important theoretical con- 
siderations. A head-kidney similar to that described as occurring in the 
Trochophore larva persists in the adult stage in some Oligocheta, and in 
Ctenodrilus appears to be the only nephridium which exists. In other 
forms, such as Chetogaster, the entire nephridial system is composed of 
tubules having a decided similarity to the head-kidney in the intracellular 
character of the lumen, and in the absence of any ciliated funnel, the 
inner end of the tubule being closed. Furthermore the cells enclosing the 
canal are in addition perforated by numerous minute branching canals 
which open into the central lumen. This fact suggests the complete 
homology of the nephridial system throughout the entire body notwith- 
standing the usual marked histological distinction between the head- 
kidneys and the nephridia of the trunk metameres. There seems little 
reason to doubt that the Oligocheta have been derived from the Poly- 
cheta, and the nephridial system in the two forms is, therefore, homol- 
ogous. It must, therefore, be possible for a nephridium with an intra- 
cellular canal to be transformed into one in which the canal is intercellular, 
The nephridia of Chetogaster are unquestionably homologous with those 
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of Lumbricus, for instance, which possess a terminal funnel, and are like- 
wise similar in structure to and may be regarded as repetitions of the 
head-kidney, thus establishing the homology between the two forms of 
nephridium. 

In carrying the homology of the Annelid nephridium back to that of 
the Platyhelminth the question arises whether it is equivalent to the whole 
branching system of the Turbellarian or only to a part of it. Whichever 
view of metamerism be taken the various nephridia of the Annelids are to 
be regarded as bud-products, and each, therefore, equivalent to a branching 
Turbellarian nephridium. It has been suggested that the Annelid nephrid- 
ial system has been produced by the fragmentation of an originally con- 
tinuous system, but for this there is no embryological evidence. Each 
nephridium being a bud from an undifferentiated nephridial blastema is 
just as much an organ-individual as is the branched nephridium of a Tur- 
bellarian—just as much an individual, though of a lower grade, as is the 
bud of a Polyzoon developed from an undifferentiated blastema. It 
might be supposed, then, that the Annelid nephridium might show a 
branched structure in certain primitive forms, and indeed a branched 
head-kidney occurs in Polycheet Trochophores. A branched condition is, 
however, rare in the trunk nephridia, though it does occur in certain ter- 
restrial Oligochzta in which, however, it must be regarded as a purely 
secondary phenomenon without any phylogenetic significance, since in the 
development of such nephridia a single tube is first formed which later on 
becomes solid and then gives off the branches, the various nephridial 
branches of successive segments becoming sometimes united. This 
branched condition passes into one in which the various branches separate 
and acquire independent openings ; several pairs of nephridia, four in the 
anterior segments of a species of Pericheta and a greater number in other 
forms, occurring in a single segment. This branching and multiplication 
of nephridia is confined to terrestrial forms which in their conditions of 
existence are farthest removed from the primitive state, and it is not 
improbable that the multiplication bears some relation to the assumption 
of a terrestrial mode of life. In the genus Lumbricus, in which the 
nepbridia are simple coiled tubes, a duplication of the nephridia in some 
segments is to be found. The reproductive ducts are probably modified 
nephridia, and in all aquatic forms other nephridia are absent in the 
metameres in which they occur. In Lumbricus, however, in, for instance, 
_the metamere which contains the oviducts, two pairs are present, one of 
which retains its original excretory function, while the other has been 
modified to form a duct for the reproductive elements. 


_ The reproductive organs have a very different arrangement 
from what is found in the Polycheta, being limited to a 
comparatively few metameres; and furthermore the Oli- 
gocheta are throughout hermaphroditic, the male and female 
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organs both lying in the anterior portion of the body, usually 
between the ninth and fourteenth metameres, or sometimes 
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even farther forward. There are 
either one or two pairs of testes 
(Fig. 104, ¢), which arise like the 
ovaries from the peritoneal epithe- 
lium and early break down to a 
greater or less extent, their cells 
passing into seminal vesicles (vs), 
where they undergo further de- 
velopment into spermatozoa. The 
vasa deferentia (vd) are modified 
nephridia, and are either two or 
four in number according as there 
are one or two pairs of testes. 
When four are present they may 
open separately, or may unite in 
pairs on either side in a common 
atrium, through which they open 
to the exterior, or finally those of 
the same side may unite a short 
distance below the funnels, forming 
for the greater part of their course 
a single tube. There is only a 
single pair of ovaries (ov), to which 
in some forms ovarian receptacles 
similar to the seminal vesicles are 
added; and in all but some of the 
lower forms oviducts (od), which 
are modified nephridia, are pres- 


In front of the metameres which bear the testes one, 
two, or occasionally three pairs of invaginations of the body- 
wall occur, producing pouches projecting into the body-cavity 
—the seminal receptacles (rs)—which receive the seminal 
fluid during the mutual interchange of it which takes place on 
copulation. 


A satisfactory subdivision of the Oligochata into orders has not yet 
been possible ; indeed the various families are so related to one another 
that such a subdivision seems unnecessary. Formerly it was the custom 
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to recognize two orders, Limicole and Terricole, aquatic forms being 
referred to the former, and terrestrial ones to the latter—a division, how- 
ever, which is decidedly artificial. Less so, but still unsatisfactory, is a 
division into Naidomorpha, reproducing non-sexually, and Lumbrico- 
morpha, reproducing by the sexual method only. It seems on the whole 
better to omit a subdivision into larger groups, and recognize one into 
families only. 


Development of the Oligocheta.—In the development of the 
Oligocheta there is practically no larval stage, but a sufficient 
amount of nutrition is supplied to the embryo, either in the 
form of yolk in the egg itself or as an albuminous substance 
stored up in the interior of a cocoon in which the ova are 
contained, to enable it to pass through all its early stages 
while still within the egg-shell or cocoon, and to assume a 
free life only when it has reached the form of the adult. The 
Trochophore larva under such conditions is useless, and is 
suppressed in the ontogeny, the development becoming thus 
direct or of the fetal type. This mode of development has 
been acquired as an adaptation to the aquatic or terrestrial 
life, in which, for obvious reasons, the occurrence of a free- 
swimming larva would be an inconvenience rather than an 
advantage. 

In the Polycheta it was stated that usually at a very early 
stage of development one cell, later dividing into two, differ- 
entiates from the rest as the primary mesoblast, and gives 
rise to all the mesodermal tissues of the adult worm. This is 
an example of a precocious segregation of the mesodermal 
material into a single cell. Itis to be presumed that in more 
primitive forms the mesoderm separated off from the endo- 
derm only at a relatively late period of development; the 
tendency, however, for the appearance of an important struc- 
ture to be thrown farther and farther back in the individual 
development, to appear at successively earlier stages in the 
development, has asserted itself to such an extent that the 
mesoderm in the Polycheta makes its appearance while the 
embryo is still composed of but a few cells, becoming there- 
fore segregated in a single cell. Such a process has further- 
more the advantage of permitting a rapid growth, the original 
embryonic mesoblasts retaining their position at the posterior 


226 INVERTEBRATE MORPHOLOGY. 


end of the body and giving rise by division in a transverse 
plane to rows of cells, the mesoblast bands. Such a pre- 
cocious segregation of the mesoderm also occurs in the Oli- 
gocheta. In a Lumbricus embryo there may be seen near 
the posterior extremity of the body the two mesoblasts (Fig. 
: 105, m), lying one on each side 
of the middle line, with the meso- 
2.| yy Plast-bands (mb) extending for- 
wards from them. A little in 
front of them and on either side 
may be seen another cell (nd), 
giving rise to a band extending 
anteriorly, which later on will 
become differentiated into the 
ventral nerve-cord, the cells which 
give rise to it being newroblasts ; 
while a little behind and exter- 

Fie. 105.—Surrace View or Pos- A : 
sia ie: Tsoumen ea ek Ble a nally to these, on either side, two 
oF Lumbricus (after E. B. Wiuson). other cells (ne and x) occur, giving 


ec = ectoderm. rise likewise to germ-bands, whose 
m = mesoblast. further fate is undecided, though 

ib =< ties las) bane it seems probable that the inner of 

nb = neuroblast. nee: oe : é 

pa = Denimoblast e two bands gives rise to the 
2 = lateral teloblast. nephridia, the cells being nephro- 


blasts. Thus from asmall number 
of cells the entire nervous system, with the exception of the 
supracesophageal ganglion (which arises as a local thickening 
of the ectoderm, comparable to the apical thickening of the Tro- 
chophore), the nephridia and all the other mesodermal tissues 
arise, the precocious segregation of these organs being carried 
to an extent only equalled in the Hirudinea. Indications of 
it, however, are found in the Polychaeta, not only in the meso- 
blasts but also in a layer of cells occupying the ventral 
surface of the embryo, and forming the so-called ventral plate, 
from which the ventral nerve-cord, the nephridia, and some of 
the musculature seem to arise. A reduction of the number 
of cells constituting this ventral plate to the smallest number 
consistent with a bilateral symmetry, that is, to two for each 
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set of structures formed from it, would give rise to a condition 
such as is found in the Oligocheta. 

A number of the simpler Oligochets, in addition to repro. 
ducing in a sexual manner, also reproduce by division, and in 
some forms it plays a much more important part than the 
sexual method, which in Holosoma is not yet known to occur. 
In the simplest form of this method of reproduction the 
animal simply divides at the middle, each portion after sepa- 
rating regenerating the parts which are wanting. In one spe- 
cies of Ctenodrilus each metamere except the anterior one 
may separate and become a new individual; a phenomenon 
which might be regarded as illustrating the bud theory of 
metamerism, but which seems more properly to be a case in 
which the gradual integration of the multiplied organs has 
reached its highest development—the case standing as the 
culmination of the process of metamerization rather than as 
an example of its mode of origin. In Nais a division of the 
new individuals may begin before they have separated, and 
chains,may thus be produced composed of individuals vary- 
ing in the stage of regeneration which they have reached, 
but which eventually separate and may later become sexually 
mature. 

As might be expected from the occurrence of this mode of 
reproduction, the power of regeneration of lost parts is pos- 
sessed in a high degree by the Oligocheta; and not only in 
those forms which habitually reproduce by division, but also 
in forms like Zumbricus, in which under normal conditions 
this method of reproduction is unknown. 

Affinities of the Oligocheta.-—There is little reason to doubt that the 
Oligocheeta have been derived from the Polycheta, and represent members 
of that subclass which have become specially adapted to aquatic or terrestrial 
modes of life. A few Oligochets, such as Halodrilus, are marine, living 
below stones between tides; but they are undoubtedly derived from aquatic 
forms, and cannot be regarded as having any ancestral significance. As re- 
gards the more definite affinities of the group little can at present be stated 
with certainty. They have been referred to forms like the Capitellide, 
in some of which the parapodia are very much reduced, as is likewise 
the distinctness of the head, while, as in the Naids, lateral-line sense-organs 
are present. A more remote relationship through the Archiannelida has 
also been suggested, but at present no definite evidence is forthcoming as 
to which view is to be preferred. 
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II. Crass Hirudinea. 


The Hirudinea differ from the Chetopoda in their external 
form, being destitute either of parapodia or sete, and possess- 
ing at the anterior end of the body a muscular sucker at the 
bottom of which the mouth is situated, while a second larger 
sucker used for attachment occurs at the posterior extremity 
of the body. The outer surface of the body is distinctly 
ringed, but a comparison of the rings with the internal organs 
shows that they have not a metameric value, but that a num- 
ber of them, varying in different forms, are included in each 
true segment of the body. In Branchellion and Clepsine three 
such rings correspond to a metamere, in Jchthyobdella and 
Pontobdella six, in Piscicola twelve, and in all the group of 
the Gnathobdellide five. Towards the anterior and posterior 
ends of the body a reduction of the number of rings corre- 
sponding to a metamere is found, as for instance in the genus 
Macrobdella (Fig. 106), which has in the middle region five rings 
to a segment. The first two metameres consist of but one ring 
each, the third of two rings, the fourth, fifth, and sixth each 
of three rings. At the posterior end of the body the twenty- 
third metamere consists of four rings, the twenty-fourth, 
twenty-fifth, and twenty-sixth of two rings each; while prob- 
ably no less than seven metameres whose rings are not 
readily distinguishable are represented in the posterior sucker. 
The entire animal consists, therefore, of thirty-three metameres, 
and this number is characteristic for all the Hirudinea—a 
definiteness of number which contrasts strongly with the wide 
variations found in the Cheetopoda. This number does not 
include a small lobe in front of the most anterior metamere, 
which may be equivalent to the prostomial lobe of the Oligo- 
cheta, and may represent another metamere. 

As in the Oligochewta the gland-cells of the hypodermis at 
about the time of reproduction become enlarged and more 
abundant in a definite region of the body, forming a clitellum 
which is usually in the neighborhood of the tenth, eleventh, 
and twelfth metameres. As a rule no branchizx occur, though 
an exception is found in the marine genus Branchellion, in 
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which each ring of the middle region of the body bears an - 
appendage which functions as a gill. In another marine form, 
Pontobdella, large warts occur on certain rings, which prob- 


Fie. 106.—ANTERIOR AND Pos- Fie. 107.— DIAGRAMS TO sHOW AR- 


TERIOR EXTREMITIES oF Ma- RANGEMENT OF BLOOD-SINUSES OF (A) 
crobdella sestertia (after Warman). Hirudo, (B) Clepsine, anv (C) Nephelis 
an = auus. (after BouRNE), 
fo = opening of oviduct. al = digestive tract. 
ge = copulatory glands. ¢ = celom. 
mo = opening of vasa deferentia ds = dorsal sinus. 
oc = eyes. ds and iv = lateral sinus or vessel. 
p = uephridial pores. nm and ne = ventral verve-cord. 
sp = sense-papilla. ne = nephridium. 
1-100 = annuili, ov = ovary. 
I-XXV = melumeres. te = testis. 


vs = ventral sinus. 


ably are mainly respiratory in function, being richly supplied 
with blood-vessels. ; 

The exterior of the body is covered by a cuticle, beneath 
which lies the hypodermis. The muscular tissue which un- 
derlies the hypodermis consists, as in other Annelida, of layers 
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of longitudinal and circular fibres; and in addition, between 
these, a layer composed of fibres which cross one another 
obliquely is usually present. A marked distinction from what 
occurs in the Chetopoda is found in the ccelom, which in the 
Hirudinea is traversed by a parenchyma, recalling that of the 
Platyhelminths, so that the actual cavity is to a great extent 
obliterated, and the dissepiments only to be distinguished with 
difficulty. Those portions of the ccelom which persist (Fig. 
107, Cc) are occupied by a red or colorless fluid containing 
corpuscles and identical and continuous with that found in the 
blood-vessels. The ccelom is in fact represented by a number 
of blood-sinuses, which in some forms are lined by an epithe- 
lium, while in others such a lining is wanting. On account of 
the manner in which the blood-vessels anastomose with the 
sinuses it is exceedingly difficult to distinguish which spaces 
should be considered as belonging to the circulatory system 
proper and which to the coelom—if, indeed, the two are to be 
considered fundamentally distinct. As a rule four main lon- 
gitudinal vessels or sinuses are to be found—viz., one dorsal 
(Fig. 107, ds), which may be wanting (Nephelis, Fig. 107, C) and 
which probably corresponds to the dorsal vessel of the Che- 
topoda; one ventral (vs), sinus-like in character and frequent- 
ly destitute of an epithelial lining, which surrounds the ventral 
nerve-cord ; and two lateral vessels (lv and ls) unrepresented 
in the Chetopods, and perhaps also to be regarded as rem- 
nants of the ccelomic cavity. Communications between these 
longitudinal vessels occur through the medium of smaller 
vessels; and in some forms, such as Nephelis, the connection 
between the lateral and ventral vessels takes place through 
ampulle, globular vesicles arranged in two pairs on each 
side of a number of metameres and receiving blood-vessels 
from the ventral sinus, while other vessels passing to the 
main lateral vessels arise from them. In many forms, espe- 
cially among the Gnathobdellide, a rich plexus of capillary 
vessels penetrates the hypodermis. 


The union of the blood vascular system with sinuses which most prob- 
ably represent portions of the coelomic cavity suggests an intimate relation, 
so far as its origin is concerned, of the vascular system with the ccelom ; 
and this view is borne out by what has already been seen to occur in the 
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Nemerteans (p. 165), the lowest forms that possess a distinct blood vascular 
system. In this group the ccelom, so far as it exists, consists of small spaces 
without any definite walls scattered through the parenchyma. In some 
forms the blood vascular system communicates with these spaces through 
which the blood circulates, it being only in the most highly differentiated 
Nemerteans that the vascular system is closed. It might be supposed from 
this that the blood-vessels were simply ccelomic spaces which had acquired 
definite walls; and it seems probable that such has been their origin. In the 
Annelida a somewhat different state of affairs occurs. Here, asa rule, there 
is a definite coelom lined with peritoneum and completely separated from the 
cavity of the blood-vessels, which seem to represent rather the remains 
of an original cavity, the so-called blastoccel (see p. 52), which has been 
almost obliterated by the growth of the mesodermal segments by the hollow- 
ing out of which the ccelomic cavities have been formed (see p. 56). It 
seems certain that the coelomic spaces of the Nemerteans are likewise the 
remains of a primitive blastoccel, so that to this extent the homology of the 
blood-vessels holds in the two groups. 

In the Hirudinea, however, the blood-sinuses, if they are ccelomic, cor- 
respond with the ccelom of the Polychzta ; and furthermore, in the Oligo- 
chets and Polychets, as well as in the Gephyrea, as will be seen later, the 
hemolymph contained in the ccelom is very nearly if not quite identical in 
composition with the blood contained in the blood-vessels. These facts 
would seem to indicate a close relationship between the Annelid ccelom and 
the more primitive blastoccel; or, in other words, would lead us to suppose 
that the ccoelom of the Annelids lined with peritoneum is not something 
apart and distinct from the blastoccel cavity, as has usually been supposed. 
The view which maintains the distinctness of the two forms of ccelom has 
its origin in the fact that in some forms, such as Sagitta, a celom lined with 
peritoneum is formed as an outgrowth from the primitive digestive tract; 
and it was supposed that all ccelomic cavities with definite walls were pri- 
marily of a similar origin, and hence were termed enterocals in contradis- 
tinction to the schizocels or simple spaces in the mesoderm without defi- 
nite walls, which are in reality remnants of the blastoccel. The significance 
of true enteroccels will be discussed later. In the mean time it may be 
pointed out that there is no embryological evidence in favor of the Annelid 
celom having arisen as a series of pouch-like outgrowths from the primi- 
tive digestive tract. Itis rather to be regarded as a schizoccel whose char- 
acter has been altered by metamerization, and by the manner of its forma- 
tion from mesoblasts. On this view the union of the cavity of the blood- 
vessels with the ccelom in the leeches, and the similarity of the hemolymph 
to the blood in other forms, cease to be morphological puzzles. 


The mouth lies at the bottom of the anterior sucker and 
opens into a muscular pharynx, which in some forms (e.g. Clep- 
sine) is folded similarly to that of some Turbellaria (see p. 134) 
so as to form a protrusible tube, while in others (e.g. Hirudo, 
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Fie. 108.—Diacram oF 
THE Excrerory Re- 
PRODUCTIVE AND NER- 
vous SysTEMs oF Hirudo 
(after BouRNB). 

ce = cerebral ganglion. 

ep = epididymus. 


gt = oviducal gland. 

Ww = lateral blood-vessel. 
n = nephridia. 

ov = ovary. 

pe = penis. 


te = testis. 


Macrobdella) it is thrown into three 
longitudinal muscular ridges whose 
edges may become converted into 
chitin, thus forming teeth. Salivary 
glands open into the pharynx in some 
forms. The large stomach into which 
the pharynx opens behind gives off a 
number of lateral pouches (eleven 
pairs in Hirudo, seven in Clepsine), 
sometimes branched and increasing in . 
size from before backwards, the most 
posterior pair being usually quite long 
and directed backwards parallel to the 
straight narrow intestine which opens 
to the exterior on the dorsal surface of 
the body, just anterior to the posterior 
sucker. Occasionally only the poste- 
rior pair of pouches is present, and in 
a few forms they are entirely wanting. 

The nervous system (Fig. 108) is 
constructed on the typical Annelid 
plan. It consists of a cireumcesopha- 
geal ring and a ventral nerve-cord 
composed of fibres which have their 
origin in ganglion-cells grouped to- 
gether at definite intervals into gan- 
glionic masses. Several of these gan- 
glionic masses correspond to single 
segments, but at the anterior and 
posterior extremities a considerable 
amount of fusion of the metameric 
groups of ganglia has occurred. In 
Clepsine plana the portion of the ner- 
vous system which lies above the 
cesophagus consists of a transverse 
band of fibres passing laterally into 
the circumeesophageal commissures 
and of a number of ganglionic 


masses. Six of these latter lie in front of the band of fibres 
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and correspond to the metamere formed by the prostomial 
lobe. Behind the transverse band are four additional gangli- 
onic masses, apparentiy forming with the other six the supra- 
cesophageal ganglion, but in reality forming together with two 
additional masses on the ventral side of the nerve-cord below 
the cesophagus the ganglion of the second somite. Immedi- 
ately posterior to the two ventral masses is a chain of eight 
ganglia lying one behind the other on the mid-ventral line of 
the cord, and corresponding to these there occur on each side 
along the dorsal surface of the cord other eight masses, 
between each successive pair of which a nerve passes out. 
There are therefore four metameric ganglia represented in 
this complex structure, each consisting of six ganglionic 
masses and each giving rise to a pair of nerves. The sub- 
cesophageal ganglion accordingly consists of the ganglia of 
four metameres, to which must be added the two ventral 
masses of a fifth metamere, the supra- and subesophageal 
ganglia representing together six metameric ganglia. Behind 
the subcesophageal ganglionic aggregate there lie twenty-one 
ganglia separated at some distance from each other, especially 
anteriorly, each one representing a metamere ; and finally at 
the posterior end of the body is another ganglionic aggregate, 
representing, to judge from the number of nerves arising from 
it, seven metameric ganglia. Thus there are in all thirty- 
three, or, counting the ganglion which innervates the prosto- 
mium, thirty-four, metameric ganglia—numbers exactly corre- 
sponding with those obtained by counting the rings. 

The sense-organs of the Hirudinea have especial interest 
as showing an adaptation of what may be considered tactile 
sense-organs to a different purpose. On each metamere of 
the body in all Hirudinea, with a few possible exceptions, 
small sensory papille (Fig. 106, sp) are to be seen, arranged 
in definite lines. They occur in the majority of forms on the 
first ring of each segment, though in some species of Nephelis 
they occur on all the rings. On the dorsal surface of each 
sensory ring there are three papille on each side of the 
middle line, and the same arrangement occurs on the ventral 
surface, and in addition a single papilla is found at the 
margin of the ring on each side. There are thus fourteen 
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longitudinal rows of papille, six on the dorsal surface, six on 
the ventral surface, and two marginal. In the anterior and 
posterior segments whose width is reduced the marginal pa- 
pille may be wanting, but throughout the rest of the body 
the number of rows is constant. In structure these papille 
are somewhat complicated, consisting of an axial bunch of 
elongated sensory cells bearing fine cilia at their outer ends, 
and lying in the connective tissue in their immediate vicinity 
is a varying number of large cells, each containing a large 
watery vacuole in the interior, the nucleus, in consequence, 
being pushed to one side. A strong nerve runs to each pa- 
pilla and is supplied to the large vacuolated cells as well as 
to the axial sensory cells. 


Slight differences are to be found in various forms in the structure of 
these organs. In Clepsine there is an axial bunch of hair-bearing cells to 
which the terminal fibres of the nerve run, and posteriorly and below the 
nerve are found the large vacuolated cells. In Hirwdo and Nephelis no. 
hair-bearing cells occur, the nerve occupying the axis of the organ and the 
vacuolated cells being arranged symmetrically around it. 

It is probable, in view of the two kinds of constituent elements in Clep- 
sine, that in this and similar genera a double function is possessed by the 
sensory papille, the hair-bearing cells having perhaps a tactile function, 
while the vacuolated cells are visual. It seems probable also that primarily 
the papille were similar in structure and function to the organs of the 
lateral line of certain Polycheeta, such as the Capitellidze, or perhaps it would 
be better to compare them with the tactile papille of certain aquatic: 
Oligocheeta, which in the genus Slavina have an arrangement on each meta-- 
mere recalling that found in the Hirudinea. 


Towards the anterior extremity of most of the Hirudinea. 
a varying number of eyes are found. In some species of 
Clepsine but two such organs occur, while in others there are 
six, and in Hirudo, Macrobdella (Fig. 106, oc), and allied forms 
there are always ten. In the latter forms the eyes are always 
arranged in a definite manner: one pair is situated on the 
anterior ring (when more than one ring occurs) of each of the 
five metameres immediately following the prostomial lobe, 
and if their position be determined it will be found that they 
occupy the place of one of the dorsal sense-papille, the eyes 
being serially homologous with the sense-papille of one of 
the dorsal rows. This conclusion is verified by their struc- 
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ture, since they differ from the sensory papille only in the 
greater number of the large vacuolated cells and in the pres- 
ence of a quantity of black pigment in the surrounding tissues. 

Other sense-organs somewhat beaker-shaped in character 
are found upon the prostomium and have been regarded as 
gustatory in function. 

Nephridia occur in a number of the metameres of the 
middle portion of the body, there being in Hirudo (Fig. 108, n) 
and its allies seventeen pairs. Each nephridium has a ter- 
minal funnel, which in Clepsine has the typical Annelidan 
structure, but in Hirudo has been modified so that the inner 
extremity of each nephridium is constituted by a lobed spongy 
ciliated mass without any definite central lumen. The funnel 
hes in a blood-sinus, either the ventral one as in Clepsine 
(Fig. 107, B) or the dorsal as in Pontobdella, or in a sinus 
which surrounds the testes as in Hirudo (Fig. 107, A), or in 
a special sinus which is to be regarded as a coelomic space as 
in Nephelis (Fig. 107, C). The canal which traverses each 
nephridium is intracellular as in the Oligocheta, and in some 
forms minute canals traverse the substance of each cell, open- 
ing into the central lumen. Asa rule the various nephridia 
are quite separate and distinct from each other, but in Pontod- 
della and one or two other genera they unite to form a net- 
work of intracellular canals traversing several metameres. 
Immediately before their exit to the exterior the canals 
enlarge in some forms to bladder-like vesicles, from which 
a short tube leads to the exterior, the opening being situated 
either upon the anterior (Clepsine) or the posterior (Hirudo) 
ring of the metamere to which the nephridia belong. 

The reproductive organs differ from those of the Cheto- 
poda in possessing ducts which do not seem to be modified 
nephridia and which are continuous with the walls of the 
ovaries or testes. All the Hirudinea are hermaphroditic. 
The ovaries constitute in Clepsine two elongated organs which 
lie in the middle region of the body, extending through several 
metameres, but in Hirudo (Fig. 108, ov) they are small oval 
or spherical bodies; their ducts dilate to form a uterus and 
finally unite to open on the mid-ventral line usually in the 
eleventh metamere (Fig. 106, fo). The testes (Fig. 108, te) 
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consist of a number of pairs, varying from twelve or more to 
six (Clepsine), of spherical bodies lying in the same region of 
the body as the ovaries. Each testis has its own duct, which 
opens into a longitudinal vas deferens common to all the 
testes of the same side of the body. Anteriorly the two vasa 
deferentia unite to open in the mid-ventral line of usually the 
tenth metamere (Fig. 106, mo), frequently through a strong 
muscular penis (Fig. 108, pe). In many forms special glan- 
dular thickenings, supposed to be useful in copulation, occur 
on the ventral surface of one of the metameres behind that 
bearing the opening of the oviduct (Fig. 106, gc). 

The Hirudinea are at present usually divided into two 
orders, though it seems probable that further division of one 
of them will be necessary later. 


1. Order Gnathobdellide. 


In this order are included the leeches which are provided 
with chitinous jaws in the walls of the muscular pharynx. 
In addition to this all the members of the order are charac- 
terized by possessing five rings to each fully developed meta- 
mere. To this order belong the Hirudinide, characterized by 
possessing ten eyes arranged in pairs on the five anterior 
metameres behind the prostomium, and including Hirudo, the 
medicinal leech, a native of Europe, instead of which Jacro- 
bdella is sometimes used in America. The Nephelide, with 
the genus Nephelis, differ in possessing fewer eyes (four pairs), 
and in having distinct segmental sense-organs either wanting 
or occurring on all the rings of each segment. 


2. Order Rhynchobdellide. 


The Rhynchobdellide are characterized by possessing a 
protrusible pharynx, as well as by possessing three, six, or 
twelve rings to a metamere. In the Ichthycbdellide, or fish- 
leeches, the larger numbers are found, the number six being 
characteristic of Pontobdella, while twelve occurs in Piscicola. 
In the Clepsinide but three rings are found to each meta- 
mere, and the eyes are either two or six in number. To this 
family belongs the genus Clepsine, a common fresh-water 
form, as well as the tropical land-leech, Hementeria. 
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Development of the Hirudinea.—The Gnathobdellide deposit their eggs 
in chitinous cocoons, as do the Oligocheta, and the development is of the 
foetal type, in contradistinction to the larval, the ova containing as a rule a 
considerable amouut of yolk. The mode of oviposition of the majority of 
the Rhynchobdellide is unknown ; but inthe genus Clepsine the eggs are 
fastened to the ventral surface of the body of the parent, where they un- 
dergo development. This resembles closely the development of Lumbricus, 
allowing for the greater amount of yolk which is usually present. The 
same precocious segregatiou of mesoderm, nervous system, and nephridia 
in special budding cells, the mesoblasts, neuroblasts, and nephroblasts, is 
likewise found, aud in later stages the mesoblast is distinctly segmented 
and coelomic cavities are present, which later become to a great extent 
obliterated. ; 

The Affinities of the Hirudinea.—lt is exceedingly probable that the 
ancestors of the Hirudinea were to be found in the Oligocheta, the two 
groups having not a few structural features in common. The embryologi- 
cal peculiarities found in the two groups are strikingly similar ; and fur- 
thermore the aquatic or terrestrial habits are not a little suggestive, for 
although some leeches are marine, nevertheless the majority are aquatic 
and a few terrestrial. The complete disappearance of parapodia may be 
considered a further development of the tendency towards their oblitera- 
tion in the Oligochzeta, where only the sete are present, these even having 
disappeared in the Hirudinea in consequence of the development of the 
suckers and a new mode of locomotion. The suggestive arrangement of 
the sense-papille of the Oligochwte Slavina has already been mentioned. 

It must not be forgotten, however, that the differences between the two 
groups are many and important. Such are, for instance, the disappearance 
of the original coelomic spaces, the communication of the blood vascular 
system with sinuses, and the occurrence of special ducts for the reproduc- 
tive organs. These differences have, however, equal or even greater im- 
portance when the attempt is made to trace the Hirudinea directly to the 
Polychzeta, and it seems more satisfactory at present to refer them back to 
the Oligocheta. 


III. Crass Gephyrea. 


The Gephyreans constitute a group of marine worms which 
differ from the Chetopoda principally in the more or less 
complete absence of metamerization. All trace of it is ab- 
sent upon the outside of the body; for although the thick 
cuticle may be marked by distinct rings, these bear no relation 
to the internal parts and are, as in the Nematoda, due simply 
to the thickness of the cuticle. All traces of parapodia are 
lacking in many forms, while in others they are represented 
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only by a pair of sete situated on the ventral surface of the 
body, nearer the anterior than the posterior end. The body- 
wall presents a close similarity in its structure to that of the 
Chetopods—dittering, however, in the occurrence of 4 more or 
less pronounced layer of fibres having an oblique direction. 
The ccelom is lined by a layer of flat peritoneal cells, but 
shows no division into more or less distinct compartments, no 
trace of metamerism, but, as in the Chetopods, the peritoneal 
lining is reflected upon the walls of the digestive tract, form- 
ing mesenteries suspending the intestine. As a rule the dor- 
sal mesentery disappears, and in some cases the ventral one 

is almost wanting, the intestine being slung only by a 
number of irregular strands of connective tissue extending 
from it to the body-wall. In some forms (Sipunculus) the sur- 
face of the peritoneum, especially that covering the intestine, 
is dotted with numerous irregularly scattered minute depres- 
sions, whose openings are guarded each by a peculiar ciliated 
cell, and which contain cells comparable in function to the 
chloragogue cells of the Chetopoda. The celomic cavity is 
occupied by a hemolymph, which in some cases is colored, 
aud contains numerous cell-elements, some of which may be 
circular in outline and colored by hemoglobin, while others 
are amoeboid and colorless. 

A blood vascular system, principally developed in the an- 
terior portion of the body, is present and appears to be com- 
pletely closed, though connections with the ecelom are said to 
exist in some forms. In Sipunculus, for instance, the system 
consists of a collar surrounding the cesophagus, sending 
branches into the tentacles which surround the mouth, and 
dorsally dilating into a wide sinus lying just below the brain; 
and from this sinus a dorsal vessel (Fig. 109, Bs) passes 
backwards along the digestive tract for a short distance, end- 
ing blindly where the esophagus joins the stomach. In Echiu- 
rus a ventral vessel runs the entire length of the body just 
above the nerve-cord, and it is united with the dorsal vessel 
by lateral vessels at its anterior and posterior extremities. 

The digestive tract may be either straight (Priapulus) or 
considerably convoluted (Echiurus and Stpunculus, Fig. 109, 
Int), and the anus is in some forms terminal (Echiurus), while 
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in others the intestine bends upon itself and passes forward to 
open on the dorsal surface near the anterior end of the body 
(Fig. 109, A). Throughout the greater extent of the intestine 


there runs along its ventral surface 
a ciliated groove which is no doubt 
homologous with the accessory in- 
testine of certain Polychaeta (see 
p. 207). 

The nervous system partakes of 
the absence of distinct metamerism 
which characterizes the other parts. 
It consists of a brain lying in the 
anterior portion of the body above 
the cesophagus and sending a com- 
missure downwards and backwards 
on each side to form the circum- 
cesophageal collar. These two com- 
missures unite to form a single 
nerve-cord (Fig. 109, n) extending 
the entire length of the body in the 
ventral median line, differing from 
the ventral cord of the Chetopoda 
in the absence of ganglia. Nerve- 
cells are scattered along the entire 
length of the cord and are not 
aggregated into special ganglia, 
though slight indications of such 
an aggregation are found in Priapu- 
lus. Nerves are given off at more 
or less regular intervals on either 
side, a somewhat metameric ap- 
pearance being thus produced, but 
the corresponding nerves of op- 
posite sides do not invariably arise 
from the cord opposite each other. 


Fre. 109.—StructuRE oF Si- 
punculus Gouldii (after An- 
DREWS). 

A = anus. 

Bs = blood-vessel. 

dR = dorsal retractor muscle. 

Int = intestive. 

NV = nerve-cord. 

ne = nephridium. 

Oe = cesophagus. 

Ov = ovary. 

oR = ventral] retractor muscle. 


One, two or three pairs of nephridia (Fig. 109, ne) are as 


a rule present and form conspicuous 


brown tubes, which com- 


municate by a funnel with the body-cavity at one extremity | 
and with the exterior of the body at the other. They are 
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undoubtedly homologous with the nephridia of the Chetop- 
oda, possessing the same relations. In a few forms (Bonellia, 
Phascolion) a single nephridium only is present. In addition 
to these in Echiurus, Thalassema, and allied genera there is a 
usually much-branched organ on either side lying in the body- 
~ cavity and opening into the terminal portion of the intestine. 
Numerous ciliated funnels occur upon the branches placing 
the organ in communication with the body-cavity. This so- 
called “ respiratory tree” (so named from a supposed homol- 
ogy with the similarly named organs of the Holothuria (q. v.) 
are probably nephridia, though whether or not they per- 
form excretory functions is not quite clear. In Priapulus 
these organs are represented by branched tubes, the branches 
of which terminate blindly in flame-cells, resembling thus the 
excretory organs of the Platyhelminths, and in Sipunculus 
rudiments of these organs have been described as short tubes. 

The Gephyrea are bisexual, the reproductive organs (ov) 
forming small digitate, elongate, or ovoid processes arising 
from the peritoneal lining of the body-cavity ; but in some 
forms (Sipunculus) their products early escape into the cc- 
lomic cavity, in which they float. The exact manner in which 
the ova and spermatozoa escape to the exterior has not been 
definitely ascertained for the majority of forms, but it seems 
probable that the nephridia serve as the generative ducts. 
In Priapulus the “respiratory trees”’ are said to give rise to 
the reproductive organs, and also to serve as the reproductive 
ducts—a behavior which would render exceedingly probable 
the supposition that they are modified nephridia, 

Two orders are recognizable in the Gephyrea. 


1. Order Echiuree. 


The Echiurex, sometimes known as the Gephyrea armata, 
are characterized by the presence on the ventral surface of 
the body, in front of the openings of the nephridia, of a pair 
of setee—the genus Echiurus possessing, in addition to these, 
two circles of set at the posterior extremity of the body. 
The anus is terminal in all the known species, and the ter- 
minal portion of the intestine has opening into it the 
branched respiratory trees. The anterior end of the body ig 
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prolonged into a prostomium of considerable size overlying 
the mouth; it may be short and broad as in ZEchiwrus, more 
elongated and slender as in Thalassema, or deeply bifurcated 
at the extremity as in Bonellia. 


Fig. 110.—Bonellia viridis A, ADULT FEMALE OPENED 80 AS TO SHOW THE 


PRINCIPAL Ora@ANs; B, male wuch enlarged in proportion to the female 
(trom Hergtwie). 


c = cloaca. m = muscles. 

d = rudimentary intestine. 8 = proboscis. 

g = respiratory trees. s (in Fig. B) = spermatozoa. 
7 = intestine. od = vas deferens. 


w = single nephridium which serves also as the oviduct. 


The last-named genus is interesting as affording an exam- 
ple of sexual dimorphism, the males being small Turbellarian- 
like organisms which live parasitically in the anterior portion 
of the digestive tract of the female, only coming to the exterior 
for the purpose of copulation. 


2. Order Sipunculacea. 


The Sipunculacea, to which the term Gephyrea inermes is 
also applied, is an order including forms which lack all traces 
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of sete. In Priapulus the intestine is almost straight and the 
anus terminal; but in Sipunculus and the allied genera, such as 
Phascolosoma and Phascolion, the digestive tract is convoluted 
and bent back upou itself, so that the anus lies on the dorsal 
surface near the anterior extremity of the body. A “respira- 
tory tree” is absent or rudimentary as a rule except in Pria- 
pulus and allied genera, and the large prostomial lobe char- 
acteristic of the Hchiuree is lacking. The anterior por- 
tion of the body, however, is capable of being invaginated by 
means of strong retractor muscles (Fig. 109, d# and vf) into 
the fore part of the digestive tract, forming the so-called in- 
trovert. The extremity of this is provided with a circle of 
finger-like or branched tentacles in the centre of which lies 
the mouth, and which are supposed to have a respiratory 
function, being richly supplied with blood. In Priapulus 
these are absent, but at the posterior end of the body there 
is a prolongation which bears papilla-like processes which 
probably function as respiratory organs. - 


Development and Affinities of the Gephyrea.—The early development 
of the Gephyrea resembles closely that of the Polychaeta, more especially in 
the Echiurez. In this ordera Trochophore larva is formed resembling very 
closely the typical Polygordius trochophore, the similarity extending even 
to a segmentation of the primitive mesoderm bands. In later stages this 
metamerism of the mesoderm disappears, no trace-of it being found in the 
adult forms. In the Stpunculacea the larva differs from the Trochophore 
in lacking the typical prworal band of cilia, though this may be weakly 
developed in some forms, such as Phascolosoma. The postoral cilia are, on © 
the other hand, strong. A further difference is found in the absence of 
metamerization of the mesoderm, which at a very early stage of develop- 
ment forms a layer lining the interior surface of the body-wall, and also 
covering the digestive tract and enclosing a ccelomic cavity continuous 
through the entire body. . 

Notwithstanding these important differences there seems little room for 
doubt but that the Sipwnewdus larva has arisen as an adaptation of the 
typical Annelidan Trochophore still represented in the development of the 
Echiurese. By these forms a close relationship is shown to the Polycheeta ; 
and the Gephyrea are to be regarded as Polychaeta which have secondarily 
lost a metamerization originally present in the adult ancestors and still 
represented in the Hchiwrus larva, but lost even in the larval stages of the 
Sipunculacea. 

Since the discovery of the larval forms of certain Echiurid and Sipun- 
culid forms there has been a tendency to regard these two orders as being 
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much less closely related than they are here supposed tobe. The Echiurew 
are still held to have Annelidan affinities, while the Sipunculacea are as- 
signed to the next type to be described. This tendency has its origin in 
the attachment of too great importance to the metamerism which 1s indi- 
cated in the Echiurid trochophore but lacking in the Sipunculid larva. 
There seems no good ground for supposing that its absence in the latter 
group may not be sufficiently explained by the assumption that it repre- 
sents the final stage of the reduction of metamerism of which the transient 
segmentation of the Echiurid is a stage. In their anatomical character- 
istics the adult forms of the two groups are too much alike to be assigned 
to different types and the similarities of detail too numerous to warrant the 
belief that they have been independently acquired. It seems much more 
probable that both orders have descended from segmented ancestors—the 
degeneration, if degeneration it can be called, having been carried to a 
greater extent in the Sipunculacea than in the Echiurew, and having in 
consequence been thrown back upon the larval stages and so obscuring the 
developmental evidences of the phylogeny. 

A connecting link between the Echiurese and the Polycheta has been 
traced by some authors in the genus Sternuspis, at one time associated with 
the Gephyrea but now universally assigned to the Polycheta. In this 
genus the metamerization, though to a certain extent reduced, is still pro- 
nounced, S. arcuata consisting of from twenty to twenty-two metameres, 
of which the anterior seven, together with the head-lobes, may be invagi- 
nated—the introvert of the Sipunculacea being thus recalled. On the ven- 
tral surface near the posterior extremity of the body are two shield-like 
plates armed with sete, and at the posterior extremity, as in Priapulus, 
are a number of filamentous appendages which are regarded as branchie. 
Sete are present on all the metameres except the fifth, sixth, and seventh - 
those of the eighth to the sixteenth metameres being, however, concealed 
beneath the hypodermis. The digestive tract is somewhat convoluted, but 
opens terminally ; tue ventral nerve-cord shows traces of ganglionic swell- 
ings, and at the posterior end of the body possesses a marked enlargement ; 
and only two nephridia are present. The musculature and the vascular 
system resemble those of the Polycheeta rather than those of the Gephyrea, 
while the reproductive organs are peculiar in possessing special ducts, 
which, it has been he!d, show no indications of being modified nephridia. 

In many respects, accordingly, Stermaspis does hold a position interme- 
diate between the Echiureze and the Polychzeta, and it seems not improb- 
able that it may represent an offshoot from near the base of the line along 
which the Gephyrea have been differentiated. Whether this be the case or 
not, it is exceedingly probable that the Gephyrea have been derived from 
the Polycheta, the Echiurez preserving more numerous traces of their an- 
cestry than do the Sipunculacee. 
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IV. Crass Myzostomee. 


The Myzostomee constitute a group of Annelids which pre- 
sent but few traces of a typical metameric form, being much 
modified by their parasitic habit. All the known forms are 
parasitic upon Crinoids, some producing malformations of the 
pinnules of their host in the form of cysts in the interior of 
which they live. The body of Myzostomum (Fig. 111) is 
flattened and oval, a number of finger-like processes or cirri 
(¢) projecting around the margin. There is no trace of external 
segmentation, although five pairs of parapodia (p), each with 
an axial supporting chitinous rod and a single hooked seta, 
occur on the ventral surface. On the same surface too, near 
the margin, are to be found in most species three or four 
sucker-like depressions (sw) on each side, which have been 
supposed to represent highly-modified nephridia. 

The body is covered by a thick cuticle beneath which lie 
the hypodermis and the musculature of the body-wall, which 
has the characteristic Annelidan arrangement. A body-cavity 
can hardly be said to exist (unless it be indicated by the space 
occupied by the ova), the interior of the body being completely 
filled up by the internal organs and by numerous muscle- 
bands passing both dorso-ventrally and from side to side, 
these latter in some forms being arranged in such a way as 
to represent incomplete dissepiments. There is no blood 
vascular system. 

The mouth is situated near the anterior end of the body on 
the ventral surface and opens into the proboscis-sheath, 
within which lies the proboscis (ph), constructed upon the 
same plan as that of the Rhynchobdellid Hirudinea. Around 
the extremity of the proboscis are arranged a number of 
short tentacles, and its walls are very muscular; behind it 
opens through a short cesophagus into the wide intestine (s) 
from which three (or two) branched pouches project on either 
side towards the margin of the body. The short and relatively 
narrow rectum (r) opens near the posterior end of the body, 
uniting shortly before its termination with the oviduct. 

The nervous system consists of a circumcesophageal com- 
missural ring upon which lie numerous scattered ganglion cells 
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likewise surrounding the cesophagus and apparently represent- 
ing the supracesophageal ganglion. Numerous longitudinal 
nerves pass forward from the ring to unite with another ring 
around the base of the proboscis from which nerves pass to 
the tentacles. Below the intestine lies a large ganglionic mass 
with which the circumesophageal commissures unite and 
which gives off a number of peripheral nerves. This mass is 
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Fie. 111. —Myzostomum (after von GraFF), 


¢ = cirrus. r = rectum. 
clo = cloacal opening. $s = stomach, 
fo = opening of uterus into cloaca. su = sucker. 
o = opening of male reproductive organs. t = testes. 
p = parapodium. uw = uterus, 


ph = proboscis. 


composed of several (probably 6) united ganglia and represents 
the ventral nerve-cord of other Annelids. Nerves pass pre- 
sumably from the supracesophageal ganglion-cells along the 
dorsal wall of the intestine and seem to constitute a sympa- 
thetic system. The only structures which can be considered 
sense-organs are the marginal cirri and the tentacles of the 
proboscis, which probably have a tactile function. No traces 
of eyes have yet been observed. 

Nephridia, unless they be represented by the sucker-like 
depressions and the oviducts, are wanting. The Myzostome 
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are as arule hermaphrodite. It seems doubtful if the ovaries 
have actually been made out, the large masses of ova (ov) 
lying between the branches of the intestinal pouches, which 
have been considered ovaries, being more probably original 
ceelomic spaces which have become filled with ova set free 
from the ovaries; while the so-called uterus (u), lying im- 
mediately above the intestine, and which in mature animals 
is closely packed with ova, is probably of the same nature. 
Three oviducts, one dorsal and two lateral, pass from the uterus 
to open (fo) into the rectum near its termination, though the 
dorsal one in some forms may open meee to the exterior 
near the anus. 


If the uterus is correctly identified as a ccelomic space, then it seems 
not improbable that the oviducts may represent modified nephridia. 
Their opening into the rectum is a secondary condition and does not 
necessarily stand in opposition to their nephridial character, since practi- 
cally the same conditions obtain in some Rotifera. 


The testes (¢) are branched organs lying for the most part 
between the intestine and the nervous system, though isolated 
masses occur in some forms near the margin of the body. On 
each side two vasa deferentia, one anterior and one posterior, 
convey the spermatozoa to a muscular sperm-vesicle opening 
to the exterior at the margin nearly opposite the centre of 
the body (mo). 


In some species, notwithstanding their hermaphroditism, ‘‘ comple- 
mental males,” small individuals which possess ripe spermatozoa while 
lacking ova, have been described as occurring. Further observations have 
not, however, tended to confirm this idea in its original sense, since these 
small individuals have been found to be, like the larger ones, hermaphro- 
dites, being secondary adaptations from the prevailing hermaphroditic 
condition, and not having, therefore, the same significance as the ‘‘ com- 
plemental males” of the Cirrhipedia (q. v). 

There can be little room for doubt but that the Myzostomes are Annelida 
degenerated by parasitism, and that they are most closely related to the 
Polycheta. It is interesting to note in this connection the effect their 
parasitic and sessile mode of life under equable external conditions has had 
in producing indications of a radial symmetry. 
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APPENDIX TO THE TYPE ANNELIDA. 


CLASS PHORONIDE. 


The class Phoronide includes a single genus, Phoronis, of 
which but a few species are known. They are all marine 
forms of comparatively small size, reaching in some cases ‘a 
length of 50 mm. Each individual is contained within a 
chitinous tube to which particles of sand are in some cases 
agglutinated, and is worm-like and cylindrical in form, the 
anterior extremity of the body being provided with a horse- 
shoe-shaped fold, termed the lophophore (Fig. 112, a), bearing 
a number of tentacles arranged around its margins. Between 
the two circles of tentacles is situated the mouth (0), over 
which hangs a fold known as the epistome, representing the 
prostomium or preoral lobe of the larva. Outside the area 
enclosed by the tentacles is the anus, on either side of which 
a pore, the opening of a nephridium, is found. 

The ectoderm of the body-wall is separated by a distinct 
basement-membrane from a layer of circular muscles, within 
which is a second layer of longitudinal muscles (¢)—an arrange- 
ment resembling that found in the body-wall of the Annelids. 
Internally the longitudinal muscle-layer is lined by a layer 
of peritoneal cells enclosing a spacious ceelom. Near the 
anterior end of the body there is a transverse septum sepa- 
rating off, more or less perfectly, an anterior chamber, with 
which the cavity of the epistome and of the lophophore com- 
municates, from a larger posterior chamber in which lie the 
intestine and reproductive organs, and which is divided lon- 
gitudinally by three mesenteries extending from the intestine 
to the body-wall. One of these mesenteries accompanies the 
intestine throughout its entire extent, while the other two 
lateral mesenteries are in connection only with the sides of 
the descending limb of the intestine. 

The tentacles are processes of the body-wall, with a 
ciliated ectoderm, and contain a chitinous axial supporting 
tissue. 

A completely closed blood vascular system is present, 
consisting below the transverse septum of two longitudinal 
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vessels (h and 7). One of these (/) divides (g) near the an- 
terior extremity of the body, the two branches passing into a 
einenlan vessel lying at the bases of the tentacles and sending 
branches up into them. The 
vessels which return the 
blood from the tentacles open 
into a second ring external 
to the first, and from it two 
vessels pass backwards and 
unite to form the second 
longitudinal trunk from which 
numerous cecal pouches 
arise. All the vessels have 
contractile walls, and the 
blood which they contain 
possesses nucleated red cor- 
puscles. 
aie The digestive tract is bent 
Fie. 112.—LaveraL view or An- upon itself (d and e), the 
TERIOR ReEGIon oF Phoronis (after mouth and anus, as already 
pei described, lying in close prox- 


a@ = lophophore. ae ‘ 
b = mouth, surrounded by epitome. imity at the anterior extrem- 


e = lophophoral disk. ity of the body. Several 
d = esophagus. regions, such as cesophagus, 
é = intestine. first stomach, second stom- 
j = ventral blood-vessel. nth. aud: inteatt 

7 2 bench oF ch, and intestine, are to be 
h = dorsal blood-vessel. distinguished, and along one 
i = longitudinal muscle of body-wall. surface of the cesophagus and 
% = intertentacular membrane. first stomach runs in P. 


architecta a ridge, becoming a groove in the stomach region, 
of ciliated gland-cells, which recalls the accessory intestine 
of the Gephyrea. There are no special digestive glands. 
The nervous system is completely imbedded in the ecto- 
derm. It consists of a nerve-ring, following the outline of 
the lophophore at the bases of the tentacles and surround- 
ing, therefore, the mouth but not the anus. From it a nerve 
runs backward asymmetrically upon one side of the body 
to near the posterior extremity. It contains a large clear 
rod-like structure which seems to be a colossal nerve.-fibre, 
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The only sense-organs which have been described are a pair 
of ciliated depressions lying one on each side in the concavity 
of the lophophore ; no definite statement can be made as to 
their function. 

A single pair of nephridia is present, opening into the 
posterior chamber of the ccelom by funnel-like mouths, and to 
the exterior on each side of the anus. They serve not only 
for excretion, but also as ducts for the reproductive elements. 
The various species of Phoronis, with the possible exception 
of P. architecta, are hermaphrodite, the ova and spermatozoa 
developing from cells of the peritoneum lying in the vicinity 
of the pouched longitudinal blood-vessel. They are shed 
from their place of formation into the cceelomic cavity and 
thence pass to the exterior through the nephridia. 


ria. 118.—METAMORPHOSIS OF Actinotrocha (after Merscunrkorr from BALFOUR). 
in = invagination. 


Development of the Phoronide.—In their development the 
various species of Phoronis so far as known undergo a very 
remarkable metamorphosis. The larva which develops from 
the ovum is known as Actinotrocha (Fig. 113, _A) and is a some- 
what elongated structure possessing at the anterior end a 
large hood which overhangs the mouth, its edge bearing 
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strong cilia. Behind the mouth are a number of ciliated 
tentacle-like processes arranged in a _horseshoe-shaped 
curve, their cilia, together with those of the edge of the 
prostomial hood, forming a band encircling the mouth. The 
digestive tract opens to the exterior at the posterior ex- 
tremity of the body, and the axis of the body is the axis 
passing through the anus and the centre of the prostomial 
lobe. A little later (B) an invagination (in) of the body-wall 
into the coelom of the larva develops on the ventral surface 
behind the band of ciliated processes and becomes of a con- 
siderable size. At the time of the metamorphosis this in- 
vagination is suddenly everted (Fig. 113, C and D), the intes- 
tine being carried with it as a loop, and entirely new axial 
relations are thus brought about. The long axis of the body 
is now (D) almost at right angles to what it was in the 
Actinotrocha, and since the invagination originally formed 
on the ventral surface of the larva, the body of the adult 
Phoronis must be regarded as formed by an excessive de- 
velopment of the ventral surface, the dorsal surface being 
represented only by the short interval between the mouth, or 
rather the epistome, and the anus. The epistome represents 
the prostomial lobe of the larva, and the ciliated processes 
represent the lophophoric region, though they themselves are 
afterwards replaced by the permanent tentacles. 


There can of course be no question but that this remarkable metamor- 
phosis is a secondary phenomenon, and it seems probable that its acquisi- 
tion stands in relation to the tubicolous habits of the adult which neces- 
sitate the change of the principal axis of the body. The metamorphosis is 
the means of avoiding a slow and tedious change necessitated by the differ- 
ent habits of the larva and the adult, just as the occurrence of the chry- 
salis stage in the development of the butterfly is required on account of 
the great differences between the mouth-parts of the larval caterpillar and 
the adult butterfly. 

The affinities of Phoronts cannot be considered to be finally settled as 
yet, though there has been a tendency of late years to associate them with 
the Polyzoa. They also seem to show affinities to the Gephyrea, and by 
some authors are considered more correctly referable to that group. The 
tendency to develop the ventral surface of the body at the expense of the 
dorsal and so to form a new body-axis is seen in Sipwnewlus and carried 
to its culmination in Phoronis, and further similarities between the two 
forms are to be found in the character of the nephridia and in the occur- 
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rence of a closed blood vascular system. The lophophore of Phoronis, and 
the epistome, are on the other hand characteristic Polyzoan features, and it 
seems not at all improbable that Phoronis occupies an intermediate posi- 
tion between the Gephyrea and the Polyzoa. There is this at all events to 
be noted concerning the Prosopygia (see following chapter), and that is 
that they are certainly closely related to the Annelida. If the supposition 
advanced on p. 248 to the effect that the Sipunculacea are to be regarded 
as Annelida which have secondarily lost their metamerism be correct, and 
if Phoronis really indicates a derivation of the Prosopygia from Gephyrean- 
like ancestors, then the Prosopygia too must be regarded as Annelida in 
which all traces of metamerism have been lost. This view seems preferable 
to that which would refer the Polyzoa, for instance, back to unsegmented 
ancestors—back, that is to say, to the non-segmented ancestors of the 
Annelida. 


SUBKINGDOM METAZOA. 


TYPE ANNELIDA. 


I. Class CHzropopa. — Metamerism usually well marked; with dorsal 
and ventral rows of setz along the sides of the body. 
I. Subclass PotycH£TA.—Marine forms ; with the sete usually borne 
upon lateral lobes of the body (parapodia). 

1. Order Archiannelida.—Without parapodia. Polygordius. 

2. Order Hrrantia.—Elongated swimming or creeping forms; 
metameres more or less similar. Nereis, Lepidonotus, 
Diopatra, Autolytus, Hesione, Syllis, Alciope, Capitella, 
Polyophthalmus, Arenicola, Artcta. 

8. Order Sedentaria.—Usually tubicolous ; anterior metameres 
more or less different from the rest. Amphitrite, Serpula, 
Sabella, Terebella. 

II. Subclass OtigocH#Ta.—Aquatic or terrestrial forms; with sete, 
but without parapodia. 

1. Order Naidomorpha. —For the most part aquatic; fre- 
quently reproducing non-sexually ; nephridia serve as re- 
productive ducts. Nais, Dero, Chetobranchus, olo- 
soma, Chetogaster, Ctenodrilus, Tubifex. 

2. Order Lumbricomorpha.— For the most part terrestrial ; 
not reproducing non-sexually ; special reproductive ducts. 
Lumbricus, Pericheta, Anacheta. 

II. Class HiruDINEA.—Metamerism well marked; without sete; with 
anterior and posterior suckers. 

1. Order Gnathobdellide.—Mouth with three more or less well 
developed teeth ; pharynx not protrusible. Hirudo, Ma- 
crobdella, Nephelis. 
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2. Order Rhynchobdellide.— Without teeth and with protrusible 
pharynx. Clepsine, Pontoddella, Piscicola, Branchellion. 
III. Class GEPHYREA,—Metamerism indistinct ; without parapodia. 
1. Order Hehiurew.—With sete. Echiurus, Thalassema, Bo- 
nellia. 
2. Order Sipunculacee.—Without sete. Sipunculus, Priapu- 
lus, Phascolosoma, Phascolion. 
IV. Class Myzostomea.—Parasitic on Crinoids ; approximating a radial 
symmetry. Myzostoma. 


APPENDIX. 


Class PHORONIDZ.— Without metamerism ; tubicolous ; with lophopnore. 
Phoronis. 
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CHAPTER XI. 


TYPE PROSOPYGIA. 


THE members of the type Prosopygia are. compact, soli- 
tary, or colonial organisms destitute of a true metamerism 
aud having the digestive tract usually bent upon itself, so 
that the anus lies in more or less close proximity to the 
mouth and therefore near the anterior end of the body. A 
chitinous or more or less calcareous investment is formed 
about the exterior of the body, and in some cases assumes 
the form of a calcareous bivalve shell, similar to that of the 
Pelecypoda in its general appearance, although in the rela- 
tions of the valves to the body-surfaces and in other particu- 
lars (see p. 327) there are very decided differences, the simi- 
larity being simply an analogy. 

A more characteristic feature, however, is the presence at 
the anterior end of the body of a circular or horseshoe-shaped 
fold, or else of two armlike lateral processes, forming what 
is termed the lophophore, upon which are borne a number of 
tentacles which play important réles not only in obtaining 
food, but also in the process of respiration, no branchial or 
other special respiratory organs being present. 

A more or less spacious coelom is usually present, trav- 
ersed by muscle-fibres and some specially developed muscle- 
bands, though the muscular system is on the whole poorly 
developed. The ceelom contains a hemolymph, but a sepa- 
rate blood vascular system and heart is entirely wanting. 
The nervous system, in accordance with the absence of met- 
amerism, is exceedingly simple, consisting either of a single 
ganglion, lying between the mouth and anus and sending off 
nerves to the various regions of the body, or else of a nerve- 
ring surrounding the esophagus, with more or less distinct 
supra-and sub-cesophageal ganglionic enlargements. Special 
sense-organs are wanting. 
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A pair of simply-constructed nephridia are present in 
some forms, but in many a special excretory organ seems to 
be entirely wanting. Bisexuality is the usual arrangement, 
although in the Polyzoa hermaphroditism is of not unfre- 
quent occurrence. 

The great majority of the Prosopygia are marine in habi- 
tat, though a number of Polyzoa are inhabitants of fresh 
water. The type may be divided into two well-marked 
classes, the Polyzoa and the Brachiopoda. 


I. Ciass POLyzoa. 


_ The Polyzoa, a group usually spoken of by German zool- 
ogists as the Bryozoa, are almost without exception colonial 
organisms, forming encrusting, massive, or more or less den- 
dritic masses composed of a large number of small individuals 
or polypides, each of which is enclosed within a chitinous or 
in some cases partially calcified investment, the zocecium, from 
the mouth of which the anterior portion of the body bearing 
the lophophore may be protruded. This outer investment or 
ectocyst (Figs. 115 and 116, ec) is lined upon its interior sur- 
face by a layer of ectoderm-cells, within which is a delicate 
peritoneal lining, these two layers together constituting the 
true .\body-wall or endocyst (Fig. 115, en) practically destitute 
of muscle-tissue, though a sphincter is usually present at 
the mouth of the cup, which may thus be closed over the re- 
tracted polypide. 

A more or less spacious ccelom (Fig. 115, co) is present in 
the majority of forms, containing a hemolymph and tyra- 
versed by a number of muscle-strands (m) which may be 
aggregated into special retractor bands ; but in one order, the 
Endoprocta (Fig. 114), these are wanting and indeed the 
celom is reduced to a very small space between the body- 
wall and the digestive tract. This latter structure has the 
characteristic U- or Y-shaped form and presents but little 
differentiation into special parts, though an cesophagus, 
stomach, lined with glandular so-called liver-cells, and rectum 
may be distinguished. An anus (Figs. 115 and 116, a) is 
always present and may be situated either within or without 
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the area enclosed by the lophophore. The nervous system 
is exceedingly simple, consisting of a single ganglionic mass 
(Figs. 114 and 115, ce) lying between the mouth and anus, 
nerves ramifying from it to the various parts of the body. 
The only sense-organs that have been detected are situated 
upon the free portions of the body, more especially on the 
lophophoral tentacles (4), and are represented by scattered 
ectodermal cells each of which bears a strong cilium and is 
in connection with a nerve-fibre; they have been assigued a 
tactile function, though it seems probable that they react to 
stimuli of various kinds and have a much more generalized 
function. 

The arrangement of the excretory and reproductive organs 
varies considerably in different forms and may be more con- 
veniently described in connection with the various orders. 


1. Order Endoprocta. 


This order contains but a small number of forms, which, 
with one exception, Urnatella, are marine in habitat. They 
all possess the power of reproducing 
by budding, colonies being thus formed, 
asin Pedicellina, Ascopodaria, and other 
genera with the exception of Loxosoma, 
in which the buds separate completely 
from the parent at a relatively early 
stage of their development. Each in- 
dividual (Fig. 114) is a cup-shaped 
structure, prolonged posteriorly into 
a stalk (st) and upon the rim of the 
cup, which represents the lophophoral 
fold, or slightly below it on the inner 
Fie. 114.—Sinerm Inpr SUYface, the tentacles (¢) are arranged 

vipuAL oF Pedicellina In a circle surrounding a depression, 


(after NitscHE). the vestibule, into which open both 
ce = ganglion. 


Pe paealiitione the mouth and the anus, the situation 
@ stomach. of the latter opening within the circle 
st = stalk. of tentacles having suggested the name 
t= tentacles. given to the order. The tentacles can 


be coiled in a circinate manner, so as to lie completely 
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within the vestibule, and the rim of the cup can be closed 
over them, owing to the presence in it of a circular band of 
muscle-fibres. 

The entire body is covered by a delicate cuticular ectocyst 
similar to the cuticle of the Annelids, below which is the 
ectoderm containing numerous gland-cells, as well as scat- 
tered sensory hair-bearing cells which, however, have not been 
found to exist in some genera (Ascopodaria). Scattered mus- 
cular fibres occur in the body-wall, but they do not as a rule 
reach an extensive development. 

The coelom is of very slight extent and in Lozxosoma is re- 
placed by a gelatinous matrix enclosing branching cells and 
muscle-fibres and recalling the parenchyma of the Turbel- 
laria. Imbedded in this parenchyma is the U-shaped diges- 
tive tract, beginning with the mouth situated in the vestibule 
and overhung by a well-marked epistome. The mouth leads 
into a narrow cesophagus lined by ciliated columnar cells, 
and opening below into a saclike stomach (Fig. 114, s) 
which forms the lower transverse portion of the U. The 
cells of its anterior (vestibular) wall (/) are large and destitute 
of cilia, and contain numerous granules, on which account 
they have been termed “liver-cells.” The intestine forms 
the ascending limb of the U, and like the cesophagus is cili- 
ated, opening into the vestibule at the summit of a well- 
marked papilla. 

The nerve-ganglion lies below the floor of the vestibule 
between the epistome and the anal papilla and is a single 
dumb-bell-shaped structure from which from one to three 
nerves arise on each side, branching to be distributed to the 
tentacles and muscles of the body. 

A single pair of nephridia occurs, opening into the vesti- 
bule, and each is composed of a number of perforated cells, 
the lumen being ciliated. It is doubtful whether a flame-cell 
occurs at the inner extremity as in the Annelid head-kidneys, 
which otherwise they resemble. Most of the Endoprocta seem 
to be bisexual, though Pedicellina is perhaps hermaphrodite. 
The reproductive organs arise from the mesoderm of the body- 
wall, forming masses projecting into the parenchyma, and are 
provided with special ducts which either remain independent 
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of each other (Pedicellina), or unite together to form a single 
tube and open into the vestibule, between the epistome and 
the ganglion. 


2. Order Ectoprocta. 


The order Ectoprocta includes the great majority of forms 
which are referable to the class Polyzoa. They are without 
exception colonial forms of small size in which the tentacles 
are arranged either in a circle or in the form of a horseshoe 
surrounding the mouth, the anus being invariably situated, 
contrary to the arrangement in the Endoprocta, outside the 
limits of the lophophore. The tentacles, too, when retracted 
are not flexed or coiled as in the Endoprocta, but are simply 
approximated to form a bunch, each tentacle being straight 
and parallel to its fellows. 

The most characteristic peculiarity of the Ectoprocta, 
however, is the power which they possess of withdrawing or 
retracting the anterior portion of the body with its crown of 
tentacles within the posterior part (Fig. 115). This latter 
portion is enclosed in the ectocyst (ec) to which the body-wall 
is closely adherent and which forms a chitinous or, in some 
eases, more or less calcareous cell, termed a zowecium. At the 
mouth of the cell the cuticle becomes suddenly exceedingly 
thin, so that the anterior portion of the body is quite mobile, 
and by means of special retractor muscles (m) may be with- 
drawn within the zocecium. The retraction is a process of in- 
vagination, similar to what occurs in the withdrawal of the 
pharynx of the Annelida, the most anterior lophophoric part 
of the retracted portion not, however, sharing in the invagina- 
tion: the whole process indeed is similar to what may be 
obtained when one finger of a glove is caught from within 
somewhat less than half way from the tip and drawn down 
towards the palm ; half of the lower portion will thus be i in- 
vaginated within ‘ine other half, while the tip of the finger 
remains uninvaginated. 

The portion of the body-wall enclosed by the ectocyst is 
thin, its longitudinal muscles being for the most part sepa. 
rated in the form of bands traversing the ccelom and function- 
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ing as retractors, while the circular muscles are specially de- 
veloped as a rule only around the mouth of the cup, which 
may by their action be closed over the retracted tentacles. 
A relatively spacious ccelom, containing a colorless corpuscu- 
lated hemolymph is present, and is lined by flattened perito- 
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neal cells, some of which bear tufts of cilia. The intestine 
has a characteristic Y-shape (Fig. 116), its posterior portion 
being prolonged backwards to form a cecal pouch, from the 
extremity of which a band or plate, the funiculus (Fig. 116, /), 
containing in some cases muscular fibres, and lined by perito- 
neal cells, arises, and passes backwards to be inserted into 
the ectocyst posteriorly. The anus (a), as already stated, 
opens on the anterior surface of the body, outside the limits 
of the lophophore, and between it and the mouth lies the 
nerve-ganglion, which is frequently hollow and sends off 
nerves to the various portions of the body 
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As in the Endoprocta, a heart and a blood vascular system 
is entirely wanting. Special excretory organs seem to be 
wauting in the marine Ectoprocta, excretion being performed 
apparently by the haemolymph-corpuscles and other meso- 
derm-cells, especially those of the funiculus, as well as by 
the granular cells of the stomach and cecal pouch. In Cris- 
tatella, a fresh-water form, however, a. pair of ciliated canals 
opening into the ccelom by ciliated funnels have been de- 
scribed, and presumably are excretory in function, the two 
canals uniting together to open to the exterior by a single 
pore situated between the mouth and anus. Up to the pres- 
ent, however, these structures have not been observed in 
other forms and apparently they do not exist in the marine 
forms. 

In some of these latter (Alcyonidium, etc.), however, a cili- 
ated tubular structure, which communicates at one end with 
the ccelom and opens to the exterior between the tentacles 
at the other, occurs and has been termed the intertentacular 
organ (Fig. 115, 20). It suggests a nephridium in its relations, 
but apparently does not possess an excretory function, but 
serves as an exit for the reproductive elements to the exterior. 
In other marine forms and in all the fresh-water genera such 
special reproductive ducts have not been observed, and the 
mode of escape of the sexual products in these forms is still 
unknown. Many of the Ectoprocta are hermaphrodite, the 
ova and spermatozoa (Fig. 115, ov, te) arising from the peri- 
toneal mesoderm, frequently from that surrounding the 
funiculus. Whether, however, hermaphroditism is a charac- 
teristic of the order or not is a point as yet undecided. 


1. Suborder Phylactolemata. 


The members of this suborder are exclusively inhabitants 
of fresh water and are characterized by the tentacles being 
arranged in a horseshoe-shaped manner (except in the genus 
Fredericella, where they form a circle), and by the occurrence 
of a well-developed lobe or epistome overlapping the mouth. 

The colonies assume various shapes in different genera, 
being sometimes dendritic and incrusting stones or other 
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bodies, as in Fredericella, or forming compact masses, as in 
Alcyonella and Lophopus, or even being capable of motion, as 
in Cristatella. In some forms, e.g. Lophopus, the ectocyst pos- 
sesses a gelatinous consistency, though usually it is chitinous, 
and the various zocecia are in free communication with one 
another, not being separated by transverse partitions. 

In addition to multiplying by the usual processes of bud- 
ding and by ova, the Phylactolemata develop upon the 
funiculus special internal buds, termed statoblasts, which are 
enclosed within dense chitinous capsules. These are set free 
by the dying and disintegration of the parent and, being pro- 
_ tected by the resistant capsule, retain their vitality under 
conditions, such as cold and dryness, that destroy the adult 
. individual. They are evidently a special provision for the 
perpetuation. of the species developed in accordance with the 
fresh-water habitat, in which the organisms are exposed to 
various conditions not apt to be met with in the ocean; it is 
interesting to note in this connection the occurrence of gem- 
mules in the fresh-water sponges which are strictly compara- 
ble to the statoblasts and have a similar significance. 


2. Suborder Gymnolemata. 


The Gymnolemata are distinguished from the Phylactole- 
mata by being, with the single exception of the genus Paludi- ° 
cella, marine in habitat, by the tentacles being arranged in 
the form of a circle, and by the invariable absence of an epi- 
stome. 

As in the Phylactolemata, the colonies vary greatly in 
form, being in some cases encrusting, Jembranipora, F'lus- 
tra, in others branching, Serupocellaria, or in others again 
massive, Alcyonidium ; and furthermore the ectocyst pre- 
sents varying degrees of consistency, being frequently chitin- 
ous, but occasionally somewhat gelatinous or calcified to a 
greater or less extent. The zoccia are not in free communi- 
cation with each other, but each is closed below or posteri- 
orly by a transverse chitinous plate in which perforations are 
said to be present, though doubt has recently been thrown 
upon their existence as perforations. In shape, too, the 
zoccia like the colonies vary greatly, especially so far as their 
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mouths are concerned, and it is possible to divide the Gymno- 
lemata into three groups or tribes, based upon these differ- 
ences. In the tribe Cyclostomata the zoccia are usually 
cylindrical, and the mouth is circular and destitute of any 
appendages ; in the Ctenostomata the mouth is closed during 
retraction by a series of bristles which surround it (Alcyonid- 
ium); while in the Chilostomata, in which the ectocyst is 
usually firm and frequently calcified, the mouth is closed by a 
lid, the operculum, furnished with spe- 
cial muscles (Bugula, Membranipora). 

In this last-named tribe a poly- 
morphism of the individuals compos- 
ing a colony is frequently found. 
Scattered among the ordinary indi- 
viduals others, the Avicularia (Fig. 
116, av), may be found having the 
appearance of a bird’s head, the 
lower beak being fastened to the head 
by a hinge and having inserted into 
it strong muscles ; bunches of sensory 
hairs are also present, and when these 
are stimulated the lower beak is 
rapidly snapped against the upper 
and the stimulating organism thus 
caught. There can be little doubt 
but that these Avicularia are specially 
modified individuals whose head and 
upper beak represent the ordinary 
individual, while the lower beak may 
possibly be the equivalent of the 
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phic form is known as the Vibracula, and consists of a slender 
filament movably articulated to a rounded structure corre- 
sponding to the head of the Avicularia; the filaments wave 
continually to and fro and are probably tactile in function. 
In many forms, too, in the neighborhood of the mouths of the 
ordinary individuals sac-like pouches occur, in which the 
ova undergo their development. These structures, known as 
ovicells (Fig. 116, oc), or owcia, have also been considered modi- 
fied individuals, but seem rather to be organs of the ordinary 
individuals, arising as a pouching of their walls. Finally, not 
infrequently certain individuals relinquish their nutritive 


Fig. 117.—A, Larva or Pedicellina (after Harscuex); B, Cyphonautes (after 
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function and serve as root-like anchors or stem-like supports 
for the entire colony. 

As regards the internal structure of the Gymnolzmata it 
is unnecessary to add anything to what has already been 
stated in describing the general characteristics of the order 
Ectoprocta. 

Development of the Polyzoa.—The larva of Pedicellina (Fig. 
117, A), which may be taken as a type of the Endoprocta, is a 
somewhat dome-shaped organism, the summit of the dome 
being occupied by an apical thickening (cal) bearing a tuft of 
cilia, while at the margin there is a stout ciliary band, the 
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corona (cor). The cavity of the dome is occupied by the U- 
shaped digestive tract (s), the mouth and anus both opening 
within the circle formed by the corona, a deep depression, 
the vestibule, lying between the two. In the coelom above 
the floor of the vestibular depression are a number of meso- 
derm-cells, and also a ciliated canal composed of a single row 
of perforated cells and probably excretory in function. Upon 
one surface of the larva between the marginal ciliated band 
and the apical thickening is a peculiar glandular organ termed 
the cement-gland (pyr), around the mouth of which are situ- 
ated a number of strong cilia. 


The development of this larva into the adult form is accompanied by a 
number of remarkable changes, which in their details and significance are 
not yet thoroughly understood. The larva settles upon the ventral or oral 
face and shortly thereafter one wall of the vestibule becomes pushed over 
towards the other and eventually unites with it, the original vestibular 
cavity becoming divided into two portions, one of which remains in con- 
nection with the surface of fixation and later degenerates, while the other 
has opening into it the mouth and anus, though the former opening at 
about this period becomes closed. Later a remarkable rotation through 
180° of the digestive tract, together with the portion of the vestibule in 
connection with it, occurs, the portion of the body immediately above the 
point of fixation elongating to form the stalk of the adult, becoming at the 
same time filled with mesodermal tissue. The mouth opens again into the 
vestibular cavity, the tentacles arise from the wall of the cavity which 
later opens to the exterior, the adult form being thus assumed. The fate 
of the apical thickening and of the cement-gland is uncertain ; they have 
been described as degenerating without taking any part in the formation of 
the adult organs, though it has been suggested that the apical thickening 
may give rise to the nervous system of the adult. 


The form of the larve in the Ectoprocta is subject to con- 
siderable modification. In Membranipora and some other 
genera the larva is known as the Cyphonautes (Fig. 117, B), 
having been so designated before its life-history was eluci- 
dated. It has a somewhat triangular outline and is character-_ 
ized by being enclosed in a bivalved chitinous shel] (sh). At 
the apex of the triangle is the apical thickening (cal), with its 
elongated cilia, while around the base there is to be found the 
corona (cor). A well-developed digestive tract is present, both 
the mouth and anus opening upon the basal surface of the tpi. 
angle, and therefore within the area enclosed by the corona, 
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This vestibule is a deep depression of the oral surface of the 
larva, differing from that of the Pedicellina larva only in havy- 
ing an arch-like thickening of its walls (only one side of the 
arch is represented in the figure) which imperfectly separates 
an oral portion of the vestibule from a posterior or anal 
portion, a glandular depression situated in the roof of this 
latter portion constituting the adhesive organ (ad). In front 
of the oral vestibule is situated a ciliated depression from 
which projects a tuft of long cilia and which appears to 
correspond to the cement-gland of the Pedicellina larva and 
to a glandular structure in the more modified Ectoprocta 
larve, known as the pyriform organ (pyr), by which name it 
may be known here. The similarity of this larva to that of 
Pedicellina is clear, the details of organization of the two forms 
agreeing part for part; in other Ectoprocta, however, great 
differences are to be found. In the genus Bugula, for exam- 
ple, the larva (Fig. 118) is a barrel-shaped organism at the one 
extremity of which is a thickening, 
the calotte (cal), which appears to 
correspond, in part at any rate, to 
the apical thickening or dorsal organ, 
as it is sometimes termed, of Pedicel- 
lina and Cyphonautes. The sides of 
the barrel are formed by a circle 
of elongated cells forming the corona 
and equivalent to the marginal 
corona of the other larve; it does 
not, however, form a simple band in 5,, 448 Tanva or Bu mille 
Bugula, but its cells are much Jlabellatu (after Barrois). 
shorter on one of the faces of the Letters as in Fig. 117. 
embryo than elsewhere, producing 
a well-marked groove at the apex of which lies the pyriform 
organ (pyr) whose homologies in Cyphonautes have already 
been pointed out. A peculiarity of this larva is the entire 
absence of a digestive tract, the lower end of the barrel being 
occupied by a depression, the adhesive organ (ad). 

Between such a larva as that just described, entirely des- 
titute of a digestive tract, and that of Cyphonautes intermediate 
stages occur, as for instance in the larve of the Cyclostomata, 
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in which the digestive tract is represented by a yolk-laden 
mass of tissue, having little resemblance, however, to the 
differentiated endodermal tube of Pedicellina. The occur- 
rence of such forms, however, shows that the absence of the 
tract in Bugula, etc.,is the result of progressive degeneration, 
such larve as those of Pedicellina and Cyphonautes represent- 
ing the primitive condition more nearly than the remarkable 
larva of Bugula. 

The transformation of the Ectoproctous larve into the adult is even 
more remarkable than that of Pedicellina. Fixation takes place by the 
oral surface, the adhesive organ being evaginated for the purpose, and is 
succeeded by a degeneration of the corona and pyriform body. In Cypho- 
nautes the digestive system completely degenerates likewise, a new one 
being formed later, the tissue in the neighborhood of the apical thickening 
taking a prominent part in its formation. In those larve which are desti- 
tute of a digestive tract one, corresponding to the second one of Cypho- 
nautes, develops after fixation, likewise from the tissue of the apical thick- 
ening. The exact method of this regeneration, for so it may be con- 
sidered, can hardly be described here without leading to a recapitulation 
of details too minute for the scope of this work. It may be remarked, 
however, that the phenomena do not seem to merit the designation of an 
alternation of generations, as might at first sight be supposed, but are 
rather simply a metamorphosis the significance of which is at present. 
decidedly obscure. 

Budding of the Polyzoa.—As already stated, colony formation by bud- 
ding is a characteristic feature of the Polyzoa, Lowosoma alone not pre- 
senting this method of growth, though like other forms it reproduces by 
budding, the buds, however, separating at an early stage from the parent. 
In the Endoprocta a stolon arises from near the point of fixation of the 
primary individual which develops from the ovum, mesoderm tissue from 
the stalk of this individual migrating into the stolon, but there is no pro- 
longation into it of the parental endoderm. At a more or less definite part 
of the stolon the ectodermal cells thicken and later on invaginate towards 
the centre of the stolon. This invagination becomes surrounded by meso- 
derm already present in the stolon, and later differentiates into two cavi- 
ties, one of which retains connection with the exterior and forms the 
vestibular chamber, from the walls of which the tentacles develop, while 
the other becomes the digestive tract, its original connection with the vese 
tibular cavity becoming the anus, the mouth developing later as qa depres- 
sion of the floor of the vestibular cavity which joins the stomach, It 
is interesting to note that from the ectodermal invagination the nervous 
system as well as the digestive tract develops. 

In the Ectoprocta practically the same method obtains in the budding 
though the stolon is represented by the tip of a branch or even by fhe 
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tissue in the neighborhood of the mouth of the zowcium. The colony 
resulting from continued budding becomes accordingly as a rule much more 
compact: than in the Endoprocta, each polypide being more or less approxi- © 
mated to its predecessor. 

Closely related to the provess of budding is that of regeneration, also 
of frequent occurrence among the Polyzoa. Among the Endoprocta Pedi- 
cellina shows the process in a periodical though not simultaneous moult- 
ing of the polypides, new ones developing from the tip of the stalk which 
bore the amputated polypide. Here, asin ordinary budding, the tissues 
concerned appear to be ectoderm and mesoderm, the stalk containing no 
prolongation of the original endoderm. 

In the Ectoprocta, however, regeneration is carried to a greater extent. 
In examining any colony of Bugwla, for example, in some of the zoecia in 
addition to the polypide a brown mass may be seen, the so-called ‘‘ brown 
body” (Fig. 116, 6d); in others the brown body may be seen without 
any distinct polypide. This body is the result of the degeneration of the 
digestive tract and other organs of the original polypide, only its body- 
wall or endocyst persisting, from which new organs are developed and the 
polypide regenerated. The significance of this process is not clear, but it 
has been suggested that it stands in relation to the process of excretion, 
the formation of the brown body occurring in forms which do not possess 
any special excretory organs. It is now known that in the marine Ecto- 
procta the excretory products are taken up in part by the cells of the 
stomach and cecal pouch, a fact which seems to harmonize with the sug- 
gested significance of the brown body. 

The formation of a new polypide from ectoderm and mesoderm appar- 
ently is a difficult fact to explain on the theory of the germ-layers. It is 
possible, however, to regard the tissue from which buds arise as undiffer- 
entiated embryonic tissue passed on from polypide to polypide and trace- 
able back to the embryonic tissue of the ovum. In the formation of each 
polypide a certain amount of the tissue becomes differentiated, but some 
still retains its embryonic character, a continuation of the budding process 
being thus possible. 

Affinities of the Polyzoa.—There seems to be little room for doubt but 
that the Endoprocta represent more nearly the original Polyzoa than do 
the Ectoprocta. Their colony formation is of a more simple form than 
that of the other group, they possess nephridia which are wanting in the 
majority of the Ectoprocta, and their development is much simpler, the 
highly modified larva of the marine Ectoprocta having undoubtedly been 
derived from one approximating in structure that of Pedicellina, Cypho- 
nautes representing a stage in the evolution. 

Similarities have been traced between the Pedicellina larva and the 
Annelid Trochophore, and it is not improbable that this may have been the 
true derivation of the group, in which case the Polyzoa are to be regarded 
as forms which have never possessed any traces of metamerism, but stand 
in about the same relationship to the Annelida as do the Rotifera. 
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Another view, however, which has had ardent supporters is that 
which recognizes a relationship between the Polyzoa and Phoronis. There 
is a lophophore in both, likewise a U-like bending of the digestive 
_ tract, and the nephridia of Phovonis may be considered comparable to 
those of the Endoprocta. But here the similarity ceases. The anus in 
Phoronis is outside the limits of the lophophore and is comparable in 
position with that of the Ectoprocta, a point which tells against this 
phylogeny since these forms have been shown to be less primitive than the 
Endoprocta. If, however, this phylogeny should prove to be correct, it 
will show a descent for the Polyzoa from metameric Annelids, through the 
Gephyrea, since it is to this group that Phoronis seems to be most nearly 
related. 


III. Cuass BRACHIOPODA. 


The Brachiopoda constitute a very well-defined group 
whose present poverty in species is in striking contrast to its 
great development during Paleozoic times. Like the Poly- 
zoa they possess a tentaculate lophophore (Fig. 120, lp) which 
usually takes the form of two exceedingly elongated, some- 
times spirally-coiled, arm-like processes projecting, one on 
either side, from the anterior portion of the body, and fur- 
nished upon their outer or posterior border with tentacles. 
The body is usually somewhat short and stout, and prolonged 
posteriorly into a peduncle (pe) or stalk which is in some 
cases at least provided with adhesive papille and serves as 
an anchor. 

The most characteristic feature of the Brachiopoda is, 
however, the presence of a bivalved shell (Fig. 119) similar 
to that of a bivalve Mollusk, with which forms the Brachio- 
pods were until comparatively recently. associated. From 
near the base of the peduncle, upon the dorsal and ventral 
surfaces of the body, a fold of the body-wall is found, which 
contains a cavity in communication with and indeed in reality 
a portion of the coelomic cavity. These two folds are of sufii- 
cient size to enwrap or enclose the body and the lophophore 
and are termed the mantle-lobes (Fig. 120, m), the space between 
them and the body being known as the mantle-cavity, They 
subserve largely if not entirely the function of respiration, 
the portion of the ccelom which they contain being more oy 
less divided up into a system of lacune through which the 
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hemolymph circulates. Upon the outer surface of each 
mantle-lobe, and formed by it, is a valve of the shell, composed 
of a certain amount of organic matter, but largely of carbonate 
of lime. Since the mantle-lobes are dorsal and ventral in 
position, so too are the valves of the shell, and consequently 
their hinge-line is posterior and their mouth anterior. In 
a number of forms, which may be grouped together as the 
suborder Testicardines, the shells along the hinge-line are 
provided with interlocking teeth, a true hinge being present, 
the peduncle in these cases perforating a backward prolonga- 
tion or beak of the lower valve. In a few genera, however, 
forming the suborder Hcardines, no such hinge is present, 


Fie. 119.—Dorsau VALvE oF Spirifer, sHowING ARM SKELETON (after Leunts). 


the peduncle passing out between the two valves of the shell. 
Special muscles are present extending from one valve of the 
shell to the other and are necessary both for the opening and 
the closing of the shell, and furthermore it should be noted 
that except for a slight difference in concavity both valves of 
the shell are similar and symmetrical. 

It will be seen by comparing the various facts mentioned 
here with what is said on p. 327 regarding the shell of the 
bivalve Mollusks that the structures in the two groups are 
very different. This difference is emphasized by the presence, 
in the majority of the Testicardines, of a calcareous support 
for the coiled lophophore attached to the inner surface of the 
dorsal valve (Fig. 119). It consists of a pair of calcareous 
rods which project downwards and forwards, uniting to form 
a transverse arch, and may give rise on each side to a spirally- 
wound process upon which the coils of the lophophore rest. 

The body-wall is composed of an outer layer of ectoderm 
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from which numerous papille or in some cases branching 
processes arise, projecting into corresponding cavities or 
tubes in the substance of the shcll-valves. Below the ecto- 
derm is a more or less homogeneous connective tissue con- 
taining cells and recalling the mesoglea tissue of the Coelen- 
terates. Scattered muscle-fibres, arranged transversely and 
longitudinally, occur in the mantle-lobes and in the body-wall, 
but there are no definite muscular layers such as are found in 
the Annelida, though the longitudinal muscles of the peduncle 
are well developed. Special muscles, which cannot be con- 
sidered differentiations of the musculature of the body-wall, 
traverse the ccelom from one valve of the shell to the other, 
one pair, the divaricators, being inserted in such a way as to 
cause by their contraction a separation of the two valves, 
while another pair, the adductors (Fig. 120, am), approximate 
them. Other muscles also occur, such as the adjustores, 
which produce lateral movements of the shell-valves, and pro- 
tractors and retractors (Fig. 120, rm) of the peduncle. 

The ccelom is lined by a peritoneal epithelium and con- 
tains a corpusculated hemolymph which is driven about 
through the ccelomic spaces, and the lacune in the mantle- 
folds and the lophophore which communicate with them, by 
the contractions of the body-wall and the musculature, there 
being no distinct heart or blood-vessels. A dorso-ventral 
mesentery which slings the intestine is present and divides 
the body-ceelom more or less completely into two lateral 
chambers, and furthermore two transverse partitions or dis- 
sepiments occur in several forms and divide the ecelom into 
anterior, middle, and posterior compartments, an arrangement 
recalling the metamerism of such a form as Sagitta (p. 187). 

The mouth opens at the anterior end of the body between 
the two lophophorie arms and leads into a short, somewhat 
muscular cesophagus, which posteriorly communicates with a 
stomach-like dilatation (Fig. 120, 7) into which open the 
ducts of one or more pairs of branching tubular elands—the 
so-called liver or digestive glands (7). Behind the stomach lies 
the intestine, which, in most of the Ecardines, such as Lingula, 
bends upon itself and opens into the mantle-cavity in the 
mid dorsal line near the anterior end of the body. In Crania, 
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however, it opens posteriorly, while in Terebratulina, Argiope, 
and Waldheimia, in fact in all the Testicardines, it ends 
blindly, the anus being wanting. 

The nervous system consists of an cesophageal ring lying 
in the connective tissue substance, the lower portion being in 
connection with the ectoderm and slightly swollen, represent- 
ing probably the subcesophageal ganglion of the Annelida; 


Fig. 120.—Structure or Terebratulina septentrionalis. 


am = adductor muscle. ne = nephridium. 
¢ = intestine. ov = ovary. 
¢ = liver-lobes. pe = peduncle. 
lp = lophopbore. rm = retractor muscle. 
m = mantle. s = shell. 


a similar swelling in the dorsal portion of the ring represents 
the supracesophageal ganglion, and in addition there are usu- 
ally two further lateral ganglion-like swellings. Nerves pass 
off from the upper ganglion to the lophophore and other 
regions, and from the lower one to the mantle, muscles, etc., 
both sets terminating in the superficial layers of the lopho- 
phore-tentacles or of the mantle in a network of ganglion 
cells and fibres. No trace of a ventral nerve-cord in addition 
to the subcesophageal ganglion is present. 

Sense-organs are but poorly developed, neither eyes nor 
auditory organs occurring. The tentacles on the lophophoric 
arms are in all probability sensory, as indicated by their rich 
nerve-supply, and the papille of the mantle-ectoderm which 
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project into the canals of the shell have been stated to be 
sensory, containing an axial nerve-fibre terminating in a sen- 
sory cell. 
The nephridia (Fig. 120, ne) are represented by two or 
four (Lhynchonella) funnel-shaped short tubes which open by 
a fimbriated mouth at one extremity into the ccelomic cavity 
and, rapidly narrowing towards the outer end, open by a small 
pore into the mantle-cavity. In addition to their probable 
excretory function, these structures, as in some of the Anne- 
lida, serve also as ducts for the passage to the exterior of the 
reproductive elements. These are derived from the coelomic 
peritoneum and form branching masses (Fig. 120, ov) lying in 
some cases in the coelomic spaces of the mantle, or in addition 
extending into the body, as in most Ecardines, or, as in Tere- 
bratulina, confined to this region. Most of the Brachiopods 
are bisexual apparently, though it is possible that Zingula 
and perhaps some other forms may be hermaphroditic, the 
male and female elements maturing at different times. 
Development and Affinities of the Brachiopods.—The ‘Testi- 
cardines are characterized by the occurrence of a free larval 
stage destitute of a shell. In Argiope (Fig. 121) it is appar- 
ently divided into four segments, the most 
anterior of which bears two eye-spots and 
assumes an umbrella-like form, long cilia 
projecting from the margin. The third 
segment develops two folds which enclose 
the posterior segment and bear on their 
margin bunches of sete inserted in seta- 
sacs and recalling the sets of certain Annelid 
larve. After swimming about for a time 
the larva settles down and fastens itself by 
the posterior segment and the mautle-lobes 
Fig, 121.—Larva turn forward to enclose the anterior seg- 
oF Argiope (after : 
Rewunoedal, ments. The posterior segment becomes the 
peduncle of the adult, and the shell de- 
velops on the surface of the mantle-lobes, whose bunches of 
sete are thrown off. The mouth makes its appearance only 
after fixation just ventral to the eye-spots, and around it there 
develops a ring of tentacles placed somewhat obliquely, and 
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later elongating laterally to form the coiled lophophore with 
its numerous tentacles. 

The early stages of the development of the Ecardines is 
not known, but in Zingula the larva is free-swimming long 
after the shell has formed, the peduncle being late in develop- 
ing. In this form also the lophophore arises as a circle of 
tentacles surrounding the mouth and subsequently elongates 
laterally. 


The affinities of the Brachiopods have long been an open question. 
They were by early writers regarded as Mollusca, later as Annelida or 
closely related to that group, but are now usually considered to be more 
nearly related to the Polyzoa than to any other forms and to be most 
properly associated with them, the general likeness of a young Lingula, for © 
instance, to a Polyzoan being very striking. The presence of the mantle- 
lobes and the shell seem to mark the Brachiopoda as something far removed 
from the other members of the type Prosopygia, but it must be remembered 
that in the larval Ectoproctous Polyzoa the corona behaves in a manner 
closely similar to the Brachiopod mantle and it is not impossible that the 
two structures may have something in common. 

Another distinguishing feature of the Brachiopods is the indication of 
asegmentation. The presence of two dissepiments and in Rhynchonella of 
two pairs of nephridia certainly suggests metamerism, but objection has 
been raised to the dissepiments having any metameric significance, on the 
ground that they do not bear the proper relationships to the body axis to 
be regarded as comparable to the dissepiments of the Annelida. It has 
been stated by some authors as a characteristic of the Prosopygia that 
their body axis is bent upon itself so that the two ends are approximated 
and one surface, the dorsal, is almost obliterated, while the other, the 
ventral, is very much enlarged, as seems to be actually the case in 
Phoronis. It must be remembered, however, that the terms dorsal and 
ventral are not to be defined by reference to the digestive tract alone, but 
other structures have also to be taken into consideration. Thus it is quite 
possible that in the Polyzoa the approximation of the mouth and anus indi- 
cates simply a bending of the digestive tract and a migration forwards of 
the anus and not necessarily a bending of the body axis; and the varying 
position of the anus in the Ecardinate Brachiopods tends to support this 
idea, the body axis in Crania with a terminal anus certainly being similar 
to that of Zinguwla, in which the anus lies far forwards. In this connec- 
tion, too, the arrangement in Stpunculus is of interest, the nerve-cord show- 
ing the usual relations to the body axis, while the digestive tract is bent 
upon itself and the anus opens far in front of the posterior extremity. In 
the Sipunculacea there can be no question of a difference of the body axis 
in the various forms, and it seems probable that the supposed bending of 
the body axis in the Prosopygia has not really occurred, but that there 
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has been simply a bending of the digestive tract and a migration forwards 
of the anus. 

If this be the correct way of regarding the matter, then there is no 
reason for disputing the homology of the dissepiments of the Brachiopoda 
with those of the Annelida, and the idea that they represent a metamerism 
is borne out by the arrangement of the two pairs of nephridia of Rhyn- 
chonella. The question is then, Does the metamerism of the Brachiopods 
indicate a descent of the Prosopygia from metameric ancestors, i.e., from 
Annelids through Gephyrean-like forms, or is it a structural feature inde- 
pendently acquired by the Brachiopods? The evidence at our disposal is 
not sufficient for the solution of this problem, and all that can be main- 
tained is that a very close relationship exists between the Polyzoa and the 
Brachiopoda. 


SUBKINGDOM METAZOA. 
TYPE PROSOPYGIA. 


I. Class PoLyzoa.—Small, usually colonial forms ; lophophore circular or 
horseshoe-shaped ; no bivalve shell ; no mantle-lobes. 

1. Order Hndoprecta.—Mouth and anus both within the area enclosed 

by the lophophore. Loxosoma, Pedicellina, Ascopodaria, 


Urnatella, 
2. Order Hctoprocta.—Anus outside the area enclosed by the lopho- 
phore. 


1. Suborder Phylactolemata.—Fresh-water forms ; lophophore 
usually horseshoe shaped ; epistome present. Fvederi- 
cella, Aleyonella, Lophopus, Cristatella. 

2. Suborder Gymnolemata.—Usually marine; lophophore cir- 
cular ; no epistome. 

Mouth of zocecium without bristles or operculum (Cyclo- 
stomata). Crisia. 

Mouth of zocecium usually surrounded by bristles which 
close over it (Ctenostomata). Paludicella, Aleyonidium. 

Mouth of zocecium provided with an operculum (Chilo- 
stomata). Membranipora, Bugula, Flustra, Scrupocel- 
laria. 

IL. Class Braciopopa.—Non-eolonial and of moderate size ; lophophore 
usually arm-like and coiled into a spiral; mantle-lobes 
and bivalve shell present. 

1. Order Heardines. — Shell-valves not hinged; peduncle protrudes 
between the valves ; anus present. Lingula, Crania. 

2. Order Testicardines.—Shell-valves hinged ; peduncle when present 
protruding through perforation in the ventral shell ; anus 
wanting. Terebratula, Waldheimia, Argiope, Rhyncho- 
nella. 
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CHAPTER XII. 
TYPE MOLLUSOA. 


Waite the Annelida are characterized by an elongated 
form of body, the Mollusca present the opposite condition, 
being compact, non-metameric organisms, though at the same 
time primitively bilateral in the arrangement of their organs. 
Upon the external surface of the body a cuticular secretion 
is formed in which usually particles of carbonate of lime 
are deposited, a calcareous shell being thus developed, which 
encloses more or less perfectly the soft body, assuming, 
however, very different forms in the various groups. It is 
essentially a dorsal structure developed in the majority of 
forms from a depression on the dorsal surface of the body 
—the shell-gland (Fig. 122, /)—and in some forms may be 
entirely confined to this area. Usually, however, a circular 
or bilateral fold of the body, the mantle (c), arises peripheral 
to the margins of the shell-gland and extends downwards 
towards the ventral surface, and the growth of the shell may 
accompany that of the mantle-fold, so that the entire body is 
enclosed by or may be retracted within the greatly-developed 
shell. Even in cases, however, in which the shell is but 
slightly developed the mantle-folds retain their development, 
forming a marked structural feature of the Mollusca, and en- 
closing a more or less spacious cavity, the mantle-cavity, in 
which lie the respiratory organs and into which the intestine 
and nephridia and reproductive ducts open. 

The body-wall is formed of an external layer of ectoderm, 
below which a more or less thick layer of muscle-tissue is 
found whose fibres sometimes show the arrangement in cir- 
cular and longitudinal layers characteristic of the Annelida, 
but usually the simplicity of this arrangement is interfered 
with by a development of connective tissue in which irregu- 
larly-arranged muscle-bundles le. Upon the ventral surface 
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of the body there is a special thickening of the muscle-tissue 
to form a “foot” (Fig. 122, p), which assumes a great ‘variety 
of forms, and special muscles are developed for its protrac- 


Fig. 122,—DIAGRAMS SHOWING THE ARRANGEMENT OF THE ORGANS IN AN 
. IpgkAL MOLLUSK (after LanxEsTER). 

@ = ctenidium, 

k& = reproductive pore. 

¢ = nephridial pore. 


@ = tentacle. 
6 = head. 
c¢ = margin of mantle 


d = margin of shell. m = anus. 
e = edge of body. nand p = foot. 
Jf = edge of shell depression. r = celom. 
g = shell. s = pericardium. 
ge = cerebral ganglion. t= testis. 
gpe = pedal ganglion. uw = nephridium. 
gpl = pleural ganglion. ® = ventricle of heart. 
al = liver. 


h = osphradium. 


tion or retraction when this is necessary, as well as for the 
closure of the shell in those forms (Pelecypoda) in which it is 
a bilateral structure. 

The ccelom is in some forms a relatively spacious cavity, 
traversed, however, even in these cases by thin bands of con- 


278 INVERTEBRATE MORPHOLOGY. 


nective tissue, but more usually it is reduced to a system of 
lacunar spaces (a so-called schizoccel) by the development of 
muscle-bundles traversing it in various directions. A special 
portion of it (the so-called enteroccel) is, however, always en- 
closed in definite walls lined by a peritoneal layer of cells, 
forming a cavity, the pericardium (Fig. 122, s), which lies nor- 
mally near the dorsal surface of the body, containing the 
heart and having the inuer ends of the nephridia (w) opening 
into it. The blood vascular system consists of a primitively 
three-chambered heart (Fig. 122, v) enclosed within the 
pericardium and composed of a tubular muscular ventricle 
and two wing-like auricles which open into the veutricle, 
their openings being guarded by valves which prevent regur- 
gitation. From the anterior and posterior extremities of the 
ventricle aorte arise, which, however, as a rule soon lose 
themselves in the celomic lacune. There is thus no distinc- 
tion between the blood and pseud-hemal fluids in the Mol- 
lusca, since the blood vascular system is not closed. The 
blood is a colorless fluid in which numerous ameceboid cells 
float and which holds in solution a substance, hemocyanin, 
which subserves a respiratory function in a manner similar 
to the hemoglobin of the Vertebrata. 


The heart is a systemic heart, as is usual in the Invertebrata, and con- 
tains only aerated blood, which it propels through the lacunz of the body. 
Returning from these, the blood passes either directly to the respiratory 
organs or branchia, or else a greater or less portion of it traverses first the 
walls of the nephridia and then passes to the branchie. From these, in 
which it is aerated, it is received into the auricles, and on their contraction 
is forced into the ventricle. 


In some Mollusca respiration is carried on by the general 
surface of the body, but such an arrangement must be re- 
garded as the exception. As a rule special respiratory or- 
gans are present in the form of one or more pairs of plume- 
like processes (ctenidia) of the body-wall (Fig. 122, ?) lying 
free in the mantle-cavity. They have various forms in the 
different groups, but consist essentially of a central axis eon. 
taining an afferent and efferent canal for the blood and bear. 
ing a single or double series of filaments whose walls are thin 
and whose ectoderm is ciliated, an interchange of the gases 
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of the blood with those of the water contained in the mantle- 
cavity being thus readily effected, a renewal of the water con- 
stantly taking place in consequence of the action of the ecto- 
dermal cilia. The thin-walled mantle-fold is, however, a very 
efficient adjunct to the branchiz in respiration, the spaces 
within the fold being portions of the lacunar ccelom and con- 
sequently containing blood ; indeed in some cases the mantle 
assumes completely the respiratory function, the ctenidia 
becoming rudimentary. 

The digestive tract is a usually more or less coiled or con- 
voluted tube in which various regions may be distinguished. 
In a few forms, characterized either by the slight develop- 
ment of the mantle or its development as two lateral folds, 
the anus is terminal in position, but when an extensive cir- 
cular mantle-fold is developed the intestine bends upon itself 
and opens upon the side of the body, more or less anteriorly, 
into the mantle-cavity. Immediately behind the mouth chi- 
tinous teeth (Fig. 123, hj) are usually developed in the wall of 


Fig. 128.—BuccaL Mass anp Rapuwa or Helix (after Howss). 


ce = cerebral ganglion. re = radular cartilage. 
fj = horny jaw. rd = radula. 
im = intrinsic muscles. rd’ = radular sac. 
pgl = pedal gland. st = opening of salivary gland. 


the pharynx, and behind these a large muscular thickening 
generally occurs, the buccal mass, in connection with which 
is developed a characteristic Molluscan structure, the lingual 
ribbon or radula (rd). The sides and floor of the pharynx in 
this region are largely thickened by the development in them 
of muscular tissue (im). The thickening of the floor is usually 
so extensive as to project into the pharyngeal cavity, forming 
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the so-called tongue, and in addition to the muscular tissue 
two or more pieces of cartilage, the radular cartilages (rc), are 
frequently found in it. Covering the tongue is a stout chi- 
tinous membrane, the basal membrane, which bears upon 
its surface a usually enormous number of chitinous teeth 
arranged in transverse rows, so that the basal membrane 
and the teeth, together constituting the radula (rd), recall 
somewhat the appearance of a flat file. Behind the tongue 
the floor of the pharynx is produced downwards and back- 
wards into a pouch, the radula-sac (rd’), sometimes of con- 
siderable length, into which the radula is continued on 
the ventral wall, the cells (odontoblasts) which form the teeth 
as a cuticular secretion, lying at the bottom of the sac. The 
tongue, with its radula, can be protruded to a greater or less 
extent from the mouth by special protractor muscles, and its 
intrinsic muscles serve to give it a slow licking movement, 
whereby the radula acts as in the manner of a file or rasp 
upon the object with which itis in contact. Owing to this 
action the radula is continually being worn away at its anterior 
end, but is also continually being pushed forward upon the 
tongue by the addition of new teeth to its posterior portion 
at the base of the radula-sac. 

In connection with the digestive tract various glands are 
usually present, of which the most constant are the salivary 
glands and the “digestive glands.” The former open into- 
the pharynx and in some cases reach extensive devolopment; 
their function for the most part is but little understood, but 
in some predaceous Gasteropods their secretion has been 
found to contain a considerable amount of free sulphuric acid 
which probably serves to soften the calcareous shell of 
Echinoderms and other Mollusca which serve these forms as 
food. The “ digestive glands” open into a dilated portion of 
the intestine, usually termed the stomach, and are usually 
paired, voluminous, much-branched tubular glands whose 
function is indicated by the name applied to them. They 
seem to be the physiological representatives of the pancreas 
of the Vertebrata, and to secrete digestive ferments which 
are brought into contact with the food in the stomach, 

The nervous system of the Mollusca (Fig. 124), in accorg- 


TYPE MOLLUSCA. 281 


ance with the absence of metamerism, lacks the ladder-like 
arrangement which characterizes the Annelida. Nevertheless 
there are two ganglionic masses, each in typical cases com- 
posed of two ganglia which may be homologized with the su- 
pracesophageal and the most anterior subcesophageal ganglia 
of the metameric forms, and are known respectively as the 
cerebral (Fig. 124, ce) and pedal (pe) ganglia. The former lies 
above the cesophagus behind the buccal 
mass and is connected by nerve-cords 
termed connectives, surrounding the ceso- 
phagus, with the pedal ganglion. The 
cerebral ganglion gives off nerves which 
pass to the eyes and otocysts (ot) and to 
the tentacular structures of the head, 
while the pedal ganglion receives its 
name from the fact that it sends nerves 
to the muscular mass forming the foot. 
In addition to this system of nerves and 
ganglia there is another system highly p,4 494 —pDragram oF 
developed in the Mollusca which would Nervous Sysrem oF 
seem to correspond to the visceral system Motzuss. 
found in some other forms. It consists dw = buccal ganglia. 
typically of a pair of pleural ganglia (pl), ° = cerebral ganglion. 
a A a F ot = otocyst. 

one of which lies upon either side of the ‘na: = porieed ganglion: 
pharynx, being united by connectives pe = pedal ganglion. 
with both the cerebral and pedal ganglia. pi = pleural ganglion. 
From each pleural ganglion a nerve-cord ® = visceral ganglion. 
passes backwards to unite with one or 
more visceral ganglia (vi), situated below the intestine near its 
posterior termination, and on each of these visceral cords a 
ganglion occurs, the parietal ganglion (pa), from which nerves 
pass to the gills, or rather to the sense-organ which is in con- 
nection with them. The pleural ganglia innervate especially 
the mantle and the body-wall behind the head, the visceral 
ganglia send branches principally to the various viscera, while 
the parietal ganglia, in addition to the branches which go to 
the gills and their sense-organs, also assist in the innervation 
of the mantle. 

Besides these principal ganglia, however, others connected 
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with either the cerebro-pedal or pleuro-visceral system may 
be developed, the most constant of which are the buccal gan- 
glia (bu) which lie at the sides of or more usually below the 
buccal mass which they innervate and are united by commis- 
sures with the cerebral ganglia. Two nerve-rings in such 
cases surround the cesophagus, ie., that formed by the cere- 
bro-pedal and that of the cerebro-buccal connectives. 

This description has reference only to what may be con- 
sidered a typical condition, and it must be remembered that 
frequent modifications of it may occur. In the Gasteropods, 
for example, in which, in accordance with the development of 
a circular mantle-fold, the anus comes to lie on the anterior 
portion of the body-wall, a peculiar crossing of the pleuro- 
visceral commissures occurs in some cases, and as a result 
what was originally the right parietal ganglion comes to lie 
upon the left side of the body and the original left ganglion 
upon the right side. Further consideration of this arrange- 
ment may, however, be postponed until the Gasteropods are 
under discussion. Mention should, however, be made here 
of another not unfrequent modification of the typical arrange- 
ment of the nervous system, which consists in the concentra- 
tion of the ganglia and the shortening of the various connec- 
tives. This may affect only the cerebral, pedal, and pleural 
ganglia, bringing them into close approximation, or, as in some 
Cephalopods, the visceral ganglia may also be carried forward 
so that all the principal ganglia are united into a single lobed 
mass closely surrounding the cesophagus behind the pharynx. 
This condition constitutes of course the culmination of the 
concentration process, but various gradations of it are to be 
found in the different groups. 

Sense-organs are as a rule well developed in the Mollusca, 
and descriptions of many of them may be more conveniently 
given in connection with the detailed account of the various 
groups. The general ectoderm of the mantle and body-wall 
has scattered in it numerous sensory cells which may become 
specially aggregated at certain points to form definite sense- 
organs. Thus tentacles are frequently borne upon the head 
which are tactile or in some cases olfactory in nature, and at 
the bases of the gills special aggregations of sensory cells are 
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to be found forming the osphradia, also supposed to have an 
olfactory function. Otocysts (Fig. 125) are present in nearly 
all the groups, consisting of a vesicle with a membranous wall, 
the interior of which is lined by sensory cells bearing bunches 
of hairs projecting into the vesicle 
which contains one or more calca- 
reous otoliths. An auditory func- 
tion has usually been attributed to 
these organs, but it seems probable 
that, as in the lower forms (see p. 
82), they are rather to be regarded 
as organs of an equilibrium-sense, 
and in fact that they subserve such | 
a function in part at least has been 
experimentally determined in the 
Cephalopods. 

Hyes are very frequently present 
and in the Cephalopods reach an 
exceedingly high development. They occur usually upon the 
head, but may also be found, as in the Pelecypoda, upon the. 
edge of the mantle, or even on the dorsal surface of the body, 
as in the Pulmonate Onchidium. They vary, however, so 
much in structure in different groups that an account of the 
various modifications which they present may be postponed. 

Excretory organs in the form of a pair of nephridia are 
present, each nephridium consisting of a tube which opens at 
one extremity into the mantle-cavity, while at the other it 
communicates, with the cavity of the pericardium, which, as 
has been seen, is a portion of the celom. The relationships 
of these structures are therefore the same as those of the 
nephridia of the Annelids, and, as in those forms, they receive 
a rich supply of blood, most of the venous blood returning from 
the tissues passing through their walls on its way to the 
branchiw. The reproductive organs are unpaired in the 
majority of forms and in some cases come into relation with 
the nephridia, which serve as reproductive ducts. More 
usually, however, they open directly to the exterior, a con- 
dition which is probably a secondary one. The majority of 
the Mollusca are bisexual, but hermaphroditism is by no 


Fie. 125.--Orocysr or Ptero- 
trachea (after CLAvs). 
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means uncommon, the single reproductive gland producing 
both ova and spermatozoa and being therefore an ovo-testis. 
Accessory structures are frequently added to the essential 
parts of the reproductive apparatus, such, for instance, as al- 
buminiparous glands, intromittent organs, spermatophore- . 
sacs, etc., so that a relatively complicated arrangement may 
occur. 


I. Cuass AMPHINEURA. 


The Amphineura are Mollusca in which the primitive bi- 
lateral symmetry is fully retained and which seem to approach 
most nearly to what may be considered the primitive Molluscan 
condition. All the known members of the group are marine 
in habitat and are more or less elongated forms in which the 
elongation of the ventral surface or foot is accompanied by a 
corresponding elongation of the visceral complex, which ac- 
cordingly is not elevated at right angles to the long axis of 
the foot to form a visceral dome. In a general way, therefore, in 
. the form of their body the Amphineura may be compared to the 
Platyhelminths, especially to such forms, sometimes flattened, 
sometimes more or less cylindrical and elongated, as are found 
among the Polyclad Turbellaria. The mouth and anus are situ- 
ated at the extremities of the body, and to either side of the anus 
are situated the one or more pairs of plumelike branchiz and the 
openings of the single pair of nephridia. The shell may con- 
sist either of a number of scattered calcareous spicules im- 
bedded in or projecting from a thick cuticle, or else may take 
the form of a number of plates arranged in a longitudinal 
series upon the dorsal surface of the body, and as a rule the 
mautle-told is but slightly developed and may be in some forms 
almost rudimentary. The foot, too, which is so characteristic 
for the Mollusca, may in some forms be practically un- 
developed, but in other forms is a broad flat muscular surface, 
showing no differentiation into special regions such as are 
found in the higher Mollusca. 

Little need be said here as to the internal organs except to 
emphasize the fact that both the heart and the nephridia haye 
a perfectly bilateral arrangement. The nervous system ig 
characterized by the absence of a definite aggregation of the 
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nerve-cells into concrete ganglia; they are scattered along the 
longitudinal nerve-cords, of which there are two pairs, ie., the 
pleuro-visceral cords, which run along the lateral portions of 
the body, and the pedal cords, which are situated more 
ventrally and which, as well as the pleuro-visceral, are fre- 
quently united by cross-commissures which suggest an imper- 
fect metamerism. Jn front these cords unite together to form 
the circumeesophageal ring in which the ganglion-cells are 
somewhat more numerous than elsewhere, without, however, 
forming distinct ganglia. Sense-organs are but slightly de- 
veloped throughout the group, which is divisible into two well- 
marked orders. 


1. Order Solenogastres. 


The members of this order are for the most part elongated 
worm-like animals, though some forms are short (Fig. 126) 
and more nearly approach the typical 
Molluscan form. The exterior of the 
body is covered by an exceptionally 
thick cuticle traversed by bands of 
cells extending into it from the ecto- 


Fie. 126.—Meomenia ca- 


dermal layer of the body and termina- rinata (atter Nansen). 
ting in cup-shaped groups of cells ee = cienidium. 
which secrete the calcareous spicules =m = mouth. 
which are scattered through the cuti- 7 = ventral groove. 


cle (Proneomenia) or may project upon 

its surface (Chetoderma), and which are the sole repre- 
sentatives of the shell of the higher Mollusca. Upon the 
ventral surface of the body is a longitudinal furrow (Fig. 126, 
vg) at the bottom of which lies the but slightly developed 
foot, represented by asmall ciliated longitudinal ridge, which in 
Cheetoderma may be quite undeveloped, the furrow being in this 
form also barely indicated or entirely absent. The lips of the 
furrow which enclose the foot probably represent the mantle- 
folds of higher forms, here very much reduced, though more 
extensively developed at the posterior end of the body, where 
they project to form a funnel-like structure (Fig. 127) whose 
cavity—the cloaca—receives the openings of the digestive 
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tract (r) and the nephridia (ny and contains the branchie (cf). 

These last are either a single of structures each consisting 

of a céntral axis with pinnately- 

arranged lateral appendages or in 

st Some cases are represented by 

o> P bunches of ciliated filaments. 

egies, The ectoderm rests upon a 

layer of muscular tissue in which 

Fig. 12%—Diacram or Ar- both circular and longitudinal 

RANGEMENT OF OrGaNns AT Jayers can be distinguished, and 

Hino Exp or Chetoderma yomerous bands of transverse 

(after Huprecut from LANKESTER). ‘ 

ae fe TS fibres, in some cases arranged to 

nm = nephridium. form septa placed at regular 

o = ovary. intervals, traverse the body- 

B= perlenrdiute: cavity. A fairly-capacious peri- 

ecm cardium is present, lying dorsally 

to the posterior portion of the digestive tract and into its 

upper portion the heart projects slightly, not being, however, 

completely enclosed by the pericardium. No auricles seem 

to be developed, nor are any definite blood-vessels present, 
the circulation being throughout lacunar. 


Il Ul 


This condition of the heart in relation to the pericardium is interesting 
as showing its original independence of that portion of the body-cavity. 
Its enclosure in the pericardium in the higher Mollusca is a secondary con- 
dition, the heart and its cavity belonging to the schizoceelic structures 
rather than to the so-called enteroceelic pericardium. This agrees perfectly 
with the relationships of the blood vascular system of the Nemerteans and 
Annelids. (See pp. 165 and 231.) 


The mouth is a longitudinal slit upon the ventral surface 
of the body and opens into a pharynx provided usually with a 
radula and with salivary glands, though both these structures 
are absent in Neomenia. The intestine pursues a straight 
course towards the anal opening, being, however, in some 
forms pouched, owing to its constriction at more or less regu- 
lar and close intervals by muscular transverse septa. The 
walls of the pouches thus formed are glandular and represent 
the digestive gland of other Mollusca, though in Cheetoderma 
there is a simple outgrowth of the digestive tract which rep- 
resents it more perfectly. 
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The nervous system varies in the details of its arrange- 
ment in the different species, but is characterized in general 
by a tendency to form ganglia, although nerve-cells are scat- 
tered along the nerve-cords throughout their entire length. 
In Proneomenia there is present a well-developed and closely- 
approximated pair of cerebral ganglia from which arise the 
pleuro-visceral cords which extend backward along the sides 
of the body and possess a number of ganglionic swellings 
near their posterior extremity. ‘Two nerve-rings surround the 
cesophagus: (1) the cerebro-pedal connectives, which end 
below in the pedal ganglia, from which two pedal cords extend 
backward along the foot, in some forms (Dondersia) connected 
at regular intervals by transverse commissures in an almost 
metameric manner, ganglionic enlargements of the cords being 
developed in connection with the commissures; and (2) the 
cerebro-buccal connectives, which pass to two buccal ganglia 
lying below the pharynx. Special sense-organs have not yet 
been discovered in the Solenogastres. 

The nephridia consist of a pair of tubes which communi- 
cate internally with the pericardial cavity and, bending around 


Fia@. 128.—D1aAGRAMMATIC LONGITUDINAL SECTION oF Chiton (after Haier). 


c = perivisceral ccelom. n = nerve. 
h = heart. = pericardium. 
m = mouth. ro = reproductive organ. 


1-8 = shell-plates. 


the posterior part of the digestive tract, unite to open into the 
cloaca ventral to the anus by a common orifice. The walls of 
the tubes are glandular and probably, therefore, excretory in 
function, but the nephridia also serve as the ducts for the 
reproductive elements. With the exception of Cheetoderma the 
Solenogastres are hermaphrodite, the single reproductive 
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gland producing both ova and testes. This hermaphrodite 
gland is a hollow sac divided into two principal compart- 
ments by a longitudinal partition and lies above the digestive 
tract. It is a hollow structure (Fig. 128, ro), the reproductive 
elements developing from the cells lining its walls and pass- 
ing from its cavity into that of the pericardium (p), with 
which the reproductive sacs communicate. They are in fact 
simply prolongations of the pericardial body-cavity, and the 
epithelium lining them is continuous with that of the pericar- 
dium. From the pericardial cavity the ova and spermatozoa 
pass to the exterior by the nephridia. 


The Solenogastres are especially interesting on account of the many 
structural peculiarities of a primitive character which they present and in 
consequence of which they have been regarded as representatives of ances- 
tral Molluscan forms. By others, however, this important position is 
denied them on the ground that many of their peculiarities are due to 
degeneration produced in accordance with their life in the mud at the bot- 
tom of the ocean. The absence of a shell, the reduction of the mantle- 
lobes, foot, and radula may with plausibility be accounted for in this 
manner, but there are other peculiarities that are certainly primitive 
which are not thus explicable. The relation of the heart to the pericardium 
is one of these, and others are the communication of the hermaphrodite 
gland with the -pericardium, and the functioning of the nephridia as ducts 
for the reproductive organs. The Solenogastres are unquestionably primi- 
tive Mollusca; the only question which is yet to be settled is to what extent, 
if any, degeneration is responsible for their external peculiarities, such as 
the absence of a shell, the reduction of the mantle-lobes and of the foot. 
It must be noted in this connection that one form belonging to the genus 
Dondersia has been described as passing through in its development a 
stage in which indications of a shell consisting of several plates and simi- 
lar to that of the Polyplacophora was present, a condition which would 
seem to indicate the derivation of the members of this group from forms 
provided with a distinct shell. 


2. Order Polyplacophora. 


The Polyplacophora, like the preceding: order, contains 
only marine forms. For the most part they are somewhat flat- 
tened animals with a rather broad foot occupying the ventral 
surface, while from the sides of the body a slight fold, the 
mantle-fold, projects. In one genus, Chitonellus, the form of 
the body is more cylindrical and the foot is rather narrow 
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and situated, as in the Solenogastres, at the bottom of a 
median ventral furrow, the lips of which correspond to the 
more dorsally situated mantle-folds of such forms as Chiton, 
Trachydermon (Fig. 129), etc. In all cases, in the groove be- 
tween the mantle-folds and the foot a number of gills, pinnate 
processes of the body-wall, are to be found, in some cases 
occurring at definite intervals along the entire side of the 
body, in others (Chitonellus) limited to the posterior a only. 

One of the most characteristic features of the = 
Polyplacophora is, however, the shell, which 
consists of eight calcareous plates arranged in 
a longitudinal series along the dorsal surface 
of the body so that the posterior border of one 
overlaps the anterior border of the other. 
The series covers only the median portion of 
the surface, the more peripheral portions and 
the outer surface of the mantle-lobes possess- 
ing a large number of scattered spicules, 
plates or granules imbedded in their wall. 

The body-wall has not so definite an arrangement of the 
muscle-fibres lying below the ectoderm as is the case in the 
Solenogastres, but, on the other hand, the body-cavity is well 
developed. Indeed the schizoccelic lacune play a rather sub- 
ordinate part in the Chitonide, as the order is sometimes 
termed, the enteroccelic cavity (Fig. 128) being very large and 
divisible into three usually separated parts united by bands, 
which indicate the original continuity. One of the parts (c) 
surrounds the intestine and the digestive gland ; another, lying 
rather towards the anterior end of the dorsal portion of the 
body, contains the reproductive cells (ro); while the third part 
(p), lying dorsally and posteriorly, is the so-called pericar- 

‘dium. 

The two auricles of the heart are elongated tubes which 
open about the middle of their length into the single ventricle 
and also unite together posteriorly, the ventricle, also an 
elongated tube, again communicating with this united portion. 
Anteriorly the ventricle is continued into a short aorta from 
which the blood passes to the lacunar spaces of the schizoceel. 
Two vessels with distinct walls run longitudinally in the foot, 


Fie. 129.—Cheto- 
pleura apiculate. 
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and presumably receive the blood which they contain more 
or less directly from the aorta and distribute it to the lacunar 
spaces of the foot. 

The mouth lies on the ventral surface, in front of the 
anterior end of the foot, and leads into a pharynx provided 
with a well-developed radula characterized by a somewhat 
‘complex arrangement of the teeth. Into the esophagus 
a pair of glands opens in Chiton whose secretion contains an 
amylolytic ferment, and in addition a pair of small glands 
open into the mouth-cavity. The esophagus communicates 
with a sac-like stomach, into which open the ducts of the 
paired digestive gland, and the intestine, being considerably 
longer than the body, is thrown into numerous coils, and 
terminates by a short rectum which opens at the posterior 
extremity of the body. 

The nervous system is characterized by the diffuse 
arrangement of the nerve-cells, no well-defined ganglia oc- 
curring on the principal nerve-cords. These consist of a 
strong circumcesophageal ring (Fig. 130), the upper part of 
which gives off numerous nerves and: evidently corresponds 
to the cerebral ganglia of other Mollusca, while the lower 
part, corresponding to ‘the pedal ganglia, gives rise to two 
nerve-cords (pe), the pedal nerves, which pursue a parallel 
course throughout the foot, giving off a number of nerves 
laterally and being connected by a number of somewhat irreg- 
ularly arranged transverse commissures, which almost suggest 
a metameric arrangement. From the sides of the circum- 
cesophageal ring two other strong nerves, the pleuro-visceral 
nerve-cords, arise and pass backwards along the sides of the 
body, uniting with each other posteriorly above the terminal 
portion of the digestive tract. These cords (pl), like the cir- 
cumcesophageal ring, present no distinct ganglionic enlarge- 
ments, but contain the elements of the pleural, visceral, and 
parietal ganglia, sending off numerous nerves to the branchia, 
the mantle, and probably alsc to the heart and nephridia. 

In addition to these principal nerve-cords others of smaller 
size also arise from the circumcsophageal ring. One pair of 
these pass to a pair of ganglia, the buccal ganglia, lying 
beneath the buccal mass and send nerves to the cesophagus 
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while another pair pass to a pair of ganglia lying below the 
radula and in intimate connection with a peculiar subradular 
organ, probably sensory, lying in this region. 


VOUrITI® 


Fig. 180.—D1aGRraM or NERVOUS AND ExcrRETORY SysTEMs oF Ohiton siculus 
(combination of two figures by Hauer). 


an = anus. no = nephridial orifice. 

Br = ctenidia. oe = esophagus. 

go = genital orifice. ‘pe = pedal nerve cord. 
n = nephridium. pl = pleural nerve-cord. 


As regards sense-organs, in addition to this subradular 
organ whose function is entirely problematical, ridges of 
sensory epithelium exist along the sides of the body in the 
mantle-cavity. One such ridge runs along the inner wall of 
the mantle-fold, while the other is found at the bottom of 
the mantle-cavity passing over the bases of the branchial 
plumes and sending a short prolongation outwards upon each 
of these structures and seeming thus to correspond with the 
osphradia of other Mollusca. . 
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A much more peculiar series of organs, found, however, in 
their perfect form only in certain species, is developed in 
connection with the shell of the Chitonide. They consist of 
club-shaped structures contained in pores which traverse the 
shell-plates and possess a definite arrangement, being ar- 
ranged in groups of larger and smaller organs (megalcesthetes 
and micresthetes). Each group is in connection with a num- 
ber of large glandlike cells, which terminate in the megal- 
esthete, covered externally by a cup-shaped layer of. chitin, 
and from this cell-mass more or less numerous branches 
arise, the micresthetes, which terminate in club-shaped 
swellings likewise covered by a chitinous layer. Below the 
group of cells is in connection with fibrils which unite to 
form a nerve probably passing to the pleuro-visceral nerve- 
cords, and it thus seems tolerably certain that these struc- 
tures are sensory and perhaps tactile in function. In some 
species the megalesthetes become modified into eyes consist- 
ing of an external convex chitinous cap, the cornea, below 
which is a lens and below this a layer of retina-cells con- 
nected with nerve-fibrils and surrounded by a cup of pig- 
ment-cells. No eyes other than these occur in the Polypla- 
cophora, nor are tactile tentacles or otocysts, of such fre- 
quent occurrence in other Mollusca, found. 

The nephridia (Fig. 130, ») are paired, one lying on each 
side of the body and consisting of a long tube giving rise to 
numerous dendritic branches. Posteriorly the tube branches, 
one of the branches opening into the mantle-cavity in. its 
posterior part, while the other communicates with the peri- 
cardial portion of the enteroccel. In function these organs 
of the Chitonide differs from the corresponding ones of the 
Solenogastres in being excretory only and in not serving 
as ducts for the reproductive elements. These are developed 
in a portion of the enteroccel which lies anteriorly to the 
pericardium and make their way to the mantle-cavity and so 
to the exterior by special ducts arising one on each side from 
near the posterior part of the reproductive enteroccel and 
ending (go) on the sides of the body slightly in front of the 
openings of the nephridia (no), The Polyplacophora are with- 
out exception bisexual. 
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The structural peculiarities of the Polyplacophora point strongly to 
their primitive character, though in many respects they are less primitive 
than the Solenogastres. Thus they possess special reproductive ducts, in all 
probability a secondary acquisition, and furthermore the reproductive and . 
pericardial moieties of the enteroccel no longer communicate freely. If 
the Solenogastres have been derived from forms with Chiton-like shells 
(see p. 288), then it must be supposed that the two groups represent di- 
verging lines of development from a common ancestor whose character- 
istics have been partly retained in the one group and partly in the other. 


II. CLass GASTEROPODA. 


The Gasteropods form a very complex group, the various 
members differing so much in the details of their organiza- 
tion that it is difficult to give a general description which 
will apply to all the forms. Certain features may, how- 
ever, be considered typical of the class, and these may be 
mentioned here, reserving notice of the more important varia- 
tions until the various subdivisions are being considered. 

One of the most characteristic features is the occurrence of 
what may be termed the “ visceral hump” whose presence is 
responsible for many of the peculiarities of Gasteropod struc- 
ture. It consists of an elevation into a dome-like structure 
of the dorsal region of the body, the digestive tract and 
gland being contained within the elevation. The mantle 
arises as a circular fold surrounding the hump, but usually is 
more highly developed, and therefore encloses a deeper 
cavity, upon the right side or anterior surface of the hump, 
and in the cavity so arranged lie the structures which usually 
are associated with the mantle-cavity, namely, the branchiz 
and the openings of the digestive tube and of the nephridia. 
There is thus a very decided asymmetry in most Gasteropods, 
usually emphasized by the visceral hump being coiled into a 
spiral, a coiling which is shared by the shell, usually present 
and consisting of a single tubular structure surrounding the 
visceral hump, but usually sufficiently ample to permit of the 
retraction within it of the rest of the body. 

In a number of forms the visceral hump may be very 
much reduced, and with this reduction there is generally con- 
comitant a reduction of the shell, but such conditions are 
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plainly secondary inasmuch as the primitive asymmetry is 
indicated in certain of the organs in all cases. In order to 
understand the exact nature of this asymmetry it will be nec- 
essary to consider what may have been the original form of 
the Gasteropoda. Judging from what is known of the Amphi- 
neura, it may be supposed that in the primitive Gasteropod 
(Fig. 131, A) the anus (a) was terminal and opened into a 
mantle-cavity, the mantle being, except posteriorly, only a 
slight fold. In this mantle-cavity there was present also a 
single pair of branchial plumes (ct), and into it the two 
nephridia opened (n), passing from the posteriorly-situated 
pericardium which contained the heart provided with two 
auricles. 

It may be imagined now that in such a form the visceral 
hump enclosed by a dome-like shell became elevated to such 
an extent that it could no longer be retained in an erect posi- 
tion, but fell over to one side—it may be supposed the left 
side. The result of this would be an interference with the 
development of the mantle-cavity towards the left side, and 
a prevention of the perfect growth of the left branchia and of 
the proper functioning of the left nephridium. There would 
be a tendency then for the mantle-cavity, and with it the anus 
and indeed the entire posterior region of the body with the 
heart and nephridia, to be pushed over towards the right side 
(Fig. 131, 2), and this process might in some cases be con- 
tinued until the mantle-cavity and the organs associated with 
it had been pushed round through 180° (Fig. 131, C, D) and 
had come to lie apparently in front of the visceral hump (D). 
The anus in such a case would open into the mantle-cavity in 
the mid line, dorsal to the mouth, and what was originally the 
right branchia would lie upon the left side of the body; the 
digestive tube, which may originally have been practically a 
straight tube, would now be bent upon itself, and furthermore 
the original right parietal nerve-ganglion would have passed 
over to the left side of the body and the original left ganglion 
to the right side, a crossing of the pleuro-parietal connectives 
(ve) being thus brought about. 

The original pressure of the shell upon the left half 
of the mantle-cavity would, however, as pointed out, have 
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tended to produce a retardation in the growth or even the 
complete abortion of the organs lying in that region. Accord- 
ingly the original left nephridium is in many Gasteropods com- 
pletely suppressed as well as the original left branchia, and 
in accordance with the disappearance of this latter structure 


Fig. 131.—D1aAGRAM8 TO ILLUSTRATE THE ROTATION OF THE MANTLE-CAVITY 
AND ITS ORGANS IN A GASTEROPOD (after figures by BUTSCHLI and Lane from 
KorscHe.t and HEIDER). 


@ = anus. m = mouth. 
ao = aorta. n = nephridial pore. 
ct = ctenidium. peg = pedal ganglion. 
cg = cerebral ganglion. plg = pleural ganglion. 


ve = visceral connective. 


there is a disappearance also of the left auricle of the heart 
which receives blood from it. 

The visceral hump does not, however, retain its original 
conical form, but, owing perhaps to unequal pressure, grows 
more rapidly upon one surface, the anterior, and so becomes 
coiled into a right-handed spiral, the shell covering the 
hump naturally assuming a similar form. In the majority of 
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Gasteropods consequently a shell coiled in a right-handed 
spiral occurs, but this rule has not a few exceptions. Where 
the shell forms a left-handed spiral it is to be explained by 
supposing that in such cases the visceral hump tended towards 
the right side of the body rather than the left, and this is 
confirmed by the fact that in most left-handed forms it is the 
left branchia and nephridium that have persisted. 

It must be pointed out, however, that the extent to which 
the rotation of the mantle-cavity, the abortion of the organs 
of either the left or right side of the body, and the crossing 
of the pleuro-parietal nerve-cords has been carried varies in 
different forms. In some the rotation has been carried so far 
that the original right branchia, etc., has passed the median 
line in front so as to lie on the left side of the body, and in 
such cases the crossing of the nerve-cords (chiastoneurism) is 
completed. Many forms, however, stop short of this, and 
numerous gradations are to be found. The rotation, however, 
is present in all forms to some extent and forms a character- 
istic feature of Gasteropod morphology. 

The anterior portion of the body (Fig. 132) is usually well 
marked off by a more or less distinct constriction or neck, and 
consequently it is possible in the Gasteropods to speak of a 
head in contradistinction to the trunk region of the body ; in- 
deed so prevalent is this character that the term Cephalo- 
phora has been applied to the group. Tentacles, either one or 
two pairs, are borne by the head, and furthermore eyes are 
usually present upon it either at the bases of one of the pairs 
of tentacles or else borne at the tips of these structures. 

The foot is generally well developed and usually has a flat 
creeping sole. It undergoes many modifications, however, 
sometimes becoming more keel-like, or becoming differentiated 
into three regions differing in form, the propodium, mesopo- 
dium, and metapodium, the last-named portion frequently 
secreting a chitinous plate, the operculum (Fig. 132, op), which 
serves to close the mouth of the shell when the animal is 
withdrawn within it. In addition to these portions an epipo- 
dium is frequently highly developed, consisting in its primi- 
tive form of a fold arising from the sides of the foot where it 
passes into the body-wall. In many cases, however, it loses. 
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this simple form, its margin becoming fringed or tentaculate, 
or else it may be reduced to one or more separate lobes or 
tentacular processes on either side of the body. Opening 
upon the surface of the foot is frequently to be found a so- 
called ‘“foot-gland ” which secretes a sticky mucous fluid and 
is comparable to the byssus-gland of the Pelecypoda (q. v.). 


Fie. 182.—Buccinum undatum. 
_ op = operculum. si = sipho. 


The respiratory organs (Fig. 133, ct) consist in typical cases 
of a single pair of pinnate branchial plumes lying in the 
mantle-cavity, but, as has already been mentioned in connec- 
tion with the rotation of that cavity, one of these structures is 
very frequently aborted. Other changes, however, also occur, 
such, for example, as the fusion of the central axis of the 
branchial plume throughout its entire length to the inner 
surface of the mantle (Haliotis), or the disappearance of the 
pinne from one side of the plume in connection with such a 
fusion (Sycotypus, Fig. 133). In some forms accessory bran- 
chise may be produced as folds of the mantle, richly supplied 
’ with blood, and their development may be carried to such an 
extent that they may entirely supplant the branchiw proper 
(Patella). From such a condition as this a passage is not dif- 
ficult to such a condition as is found in the air-breathing Gas- 
teropods (Pulmonata) in which the entire inner surface of the 
mantle serves a respiratory purpose, an interchange of gases 
taking place between the air contained in the mantle-cavity 
and the blood which is richly supplied to the mantle. 

The musculature of the body-wall does not as a rule pre- 
sent the Annelidan arrangement in layers, as in some Amphi- 
neura, but usually are irregularly arranged as dorso-ventral 
and oblique bands traversing the schizoccel. Special muscles, 
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however, are developed in many forms, the most important 
being those connected with the foot and serving for locomotion, 
retractor muscles in connection with the head, proboscis, and 
tentacles, and the spindie-muscle, which has a general vertical 
direction running along the right side of the visceral hump 
from its insertion into the shell to the foot in whose wall its 
fibres spread out, interlacing as it were with the horizontal 
and transverse muscles there developed ; it serves to retract 
the entire animal within the shell, and its development is 
naturally in proportion to that of the shell, those forms in 
which the shell is rudimentary or absent frequently lacking it. 

The enteroceelic portion of the celom is much reduced 
in comparison with what occurs in the Amphineura, being dis- 
tinctly represented only by a comparatively small pericar- 
dium surrounding the heart, the auricle in some cases not 
being enclosed by it. From analogy with the Amphineura, 
however, the reproductive organs must be regarded as repre- 
senting a portion of the enteroccel whose connection with the 
pericardium has been completely severed. A glandular struc- 
ture, the pericardial gland, is in some Gasteropods developed 
by the folding of the pericardial walls, and has apparently 
an excretory function acting as an accessory nephridium ; it 
is not, however, as highly developed as in some of the other 
Molluscan groups. 

The circulatory organ possesses in some forms the charac- 
teristic Molluscan structure, consisting of an unpaired ven- 
tricle lying in the pericardium and receiving the blood from 
two lateral wing-like auricles. In many cases, however, as al- 
ready pointed out, the asymmetry produced by the develop- 
ment of the visceral hump affects the heart, resulting in the 
suppression of one of the auricles, that of the left (or right) 
side (Fig. 183). In such cases the persisting auricle may 
secondarily assume a terminal position with regard to the 
ventricle, and the latter, instead of being continued into an ar- 
tery at either extremity, gives off a single artery at the end op- 
posite to that at which the blood enters from the auricle, this 
artery dividing into two main trunks which distribute the 
blood to the various regions of the body. These arteries may 
be continued as distinct tubes with definite walls for some 


TYPE MOLLUSCA. 299 


distance from the heart, but sooner or later the blood passes 
into the system of lacunar spaces constituting the schizoccel, 
whence it is again returned to the auricle through a series of 
veins. The position of the single auricle with reference to the 
body axis differs in different orders of Gasteropods, in accord- 


Fig. 183.—STructuRE oF Sycotypus canaliculatus. The mantle is divided in 
the middle line and turned aside, exposing the mantle-cavity. 


an = anus. os = osphradium. 
et = ctenidium. p = pericardial cavity. 
dg = digestive gland. pe = penis. 
¢ = intestine. pr = proboscis. 
nm = nephridium. st = sipho/~ 1 
no = nephridial opening. t = tentacle. 
o = eye. te = testis. 
op = operculum. » = ventricle. 


vd = vas deferens. 
The arrows show the openings of nephridium to the mantle-chamber and to 
the pericardium. 


ance with the varying position of the branchia. In those 
forms in which the branchia lies in front of the heart the 
auricle lies at the-anterior end of the ventricle, while when 
the branchia is posteriorly situated the auricle lies behind 
the ventricle. 

The mouth lies in all Gasteropods at the anterior ex- 
tremity of the body, towards the ventral surface of the head, 
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and opens into a mouth-cavity frequently provided with two 
or more chitinous teeth. The pharynx usually receives the 
ducts of a pair of salivary glands, contains a well-developed 
radular organ in practically all cases, and communicates 
posteriorly with a tubular cesophagus. In many cases the 
anterior portion of the digestive tract is capable of being 
protruded as a proboscis (Fig. 133, pr), which lies when re- 
tracted within a proboscis-sheath, formed by a circular infold- 
ing of the body-wall around the mouth. The intestine (7) is 
usually more or less coiled, extending into the visceral hump, | 
and presents a stomach-like enlargement which receives 
the ducts of the digestive gland (dq), a structure usually well 
developed and forming the greater portion of the visceral 
hump. The intestine terminates in a straight portion, the 
rectum (7), which passes forward to the anus (an), which, as 
has already been indicated, lies in the mantle-cavity, slightly 
to the right, but occasionally to the left, of the middle 
line, its position depending upon the amount of rotation 
which the mantle-cavity and the associated organs have 
undergone. It should be mentioned that in one suborder of 
Gasteropods the pericardium and ventricle have wrapped 
themselves around the rectum in such a way that the diges- 
tive tube seems to have penetrated the ventricle, a feature 
which will later be seen to be characteristic of one of the 
other groups of Mollusca. 

The nervous system has the arrangement which has been 
described as characteristic of the Mollusca (Fig. 124), the 
peculiar feature being the crossing of the pleuro-parietal con- 
nectives which is found in many forms. Numerous modifica- 
tions of the typical condition are to be found, consisting 
principally in (1) the concentration of the ganglia, more 
especially the cerebral, pleural, and pedal, or the pedal, 
pleural, parietal, and visceral (Fig. 137), to form a single 
mass; (2) in the suppression in some cases of one of the 
parietal ganglia; and (3) in the occurrence of several visceral 
ganglia. In accordance with the flat elongated form of the 
foot in many species, the nerve-cords passing backward from 
the pedal ganglia may be of considerable size, and further- 
more may be connected by regularly-arranged transverse 
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commissures, recalling the condition seen in the Chitons, as 
well as the ladder-like arrangement of the ventral nerve-cords 
of the Annelida, though there cannot in the Gasteropods be 
any question of metamerism in this connection. 

Special sense-organs are very generally well developed in 
the Gasteropods. The tentacles so usually found upon the 
head have probably a tactile function as well as the tentacular 
or winglike processes sometimes found in connection with 
the anterior extremity of the foot, and the epipodial ten- 
tacles which occur in some forms (/aliotis). On the ventral 
side of the bases of the epipodial tentacles of some forms 
special sensory thickenings have been found which have 
suggested a comparison with the sense-organs of the lateral 
line of the Annelida, a comparison which, however, at present 
seems rather strained; it seems probable, notwithstanding 
their innervation from the pedal ganglia, that these sensory 
patches are to be placed in the same category as the osphra- 
dia and the sensory ridges of the mantle-cavity of the Chi- 
tons. The osphradia (Fig. 133, os) in all Gasteropods which 
are provided with branchix are associated with these organs; 
and even where one or both 
branchis have been suppressed 
the osphradia may still persist. 
Eyes (Fig. 134) are very generally 
present in the Gasteropods, being 
situated at the base of the ten- 
tacles, or at their summit in some 
forms. They present a very uni- c 
form structure throughout the 2 nena 
group and arise as a depression Fig. 184.—Eve or Hiliotis (atter 


if i PATTEN). 
of the integument, the lips of eres icachon 
the cavity fusing and giving rise i = lens. 


to a globular sac lying beneath rt = relina, 

the epidermis, which remains thin and transparent, forming an 
outer cornea (co). The cells of the outer wall of the sac 
likewise remain clear, forming the inner cornea, while over 
the remainder of the wall of the sac they are sensory in 
function, pigmented cells being scattered among them, the 
two together forming the retina (ret). The nerve-fibres pass- 
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ing to the eye from the cerebral ganglia pass through an optic 
ganglion lying beneath the optic sac and are distributed to 
the sensory cells, and the centre of the sac is filled up by a 
cuticular mass which serves as a refractive lens (J). In some 
forms (Patella, etc.) the development of the eye ceases while 
it is still in the cup form, there being then no formation of 
corneal layers and no central lens, though the retina is usu- 
ally covered by a thin cuticular layer. In some species of a 
peculiar genus of the air-breathing Gasteropods, Onchidium, 
eyes are developed upon the dorsal surface of the body, the 
shell being lacking and the visceral hump undeveloped. In 
structure these eyes differ very materially from those usually 
occurring in the Gasteropoda and will be described later 
(p. 318). 

Otocysts are usually imbedded in the tissues of the foot 
close to the pedal ganglia, though in all cases they receive 
their innervation from the cerebral ganglia; they have the 
usual sac-like form and are lined with sensory hair-bearing 
cells and contain otoliths. 

The nephridia of the Gasteropods are in nearly all cases 
modified from the original typical condition in accordance 
with the asymmetry of the body (Fig. 133, re). In only a few 
forms, so far as known (Fissurellu, Patella), are two functional 
nephridia, opening on the one hand into the pericardial 
cavity and on the other to the exterior through the mantle- 
cavity, perfectly developed. In other forms, such as Hali- 
otis, Turbo, etc., both nephridia are present and are struct- 
urally perfect, though the left* one has lost its secretory 
function, but in the majority of cases the left (or, in forms 
with a left-handed coiling of the visceral hump, the right) 
nephridium is completely aborted. : 

The Gasteropods are in some cases bisexual, in others 
hermaphrodite. The reproductive sac (Fig. 133, t) is quite 
unconnected with the pericardial enterocceel and is an un- 
paired structure lying in the visceral hump. The ova and 
spermatozoa in most cases reach the exterior by a special 


* The terms left and right refer to the position of the nephridia as they are 
supposed to have been arranged in the primitive symmetrical Gasteropod. 
pp 8 y Pp 
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duct (vd), having apparently no relation to the nephridia and 
Opening into the mantle-cavity to the right side of the anus. 
In the more primitive Gasteropods, however, such as Haliotis, 
Fissurella, and Patella, the nephridia, as in the Solenogastres, 
serve as reproductive ducts; and it has been suggested that 
the special reproductive duct of the remaining Gasteropods 
may represent the left nephridium, which is usually described 
as having disappeared. The reproductive duct, especially in 
hermaphrodite forms, has developed in connection with it 
accessory glandular structures as well as external copulatory 
organs, the whole reproductive system becoming highly com- 
plicated. An account of the more important arrangements 
will be more satisfactorily given in connection with the 
various orders. 


1. Order Prosobranchia. 


The Prosobranchia are, with very few exceptions, marine 
Gasteropods, provided with well-developed shells, which are 
usually spirally coiled, the height of 
the spiral varying, however, in different 
forms. In some, such as Patella and 
Fissurella, the shell has a simple 
conical form, without any indication 
of a spiral; and since these forms in Meee 
many respects show primitive charac- | 
ters, it might be supposed that this 
type of shell was also primitive. These 
very forms, however, show also that 
asymmetry of parts, which is character- Fia.135,—Suexis or Proso- 
istic for the Gasteropods, and which Branca  GasreRorops. 
accompanies the rotation of the mantle- A, Acmaa ; testudinalis 

, 5 < (after Goutp); B, Haliotis 
cavity, and furthermore, in Fissurella (eer teonis): C, Turritella 
at least, a distinct indication of a after Levys). 
spiral coiling, is present in the shells of 
young animals. It seems more probable, accordingly, that 
these conical shells are to be regarded as secondary modifi- 
cations of an originally spirally-coiled shell. 

The mantle-cavity is situated in front of the well-devel- 
oped visceral hump, and is usually somewhat capacious, com- 
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municating with the exterior freely. In some forms the 
mantle is slit from its margin upwards and backwards, a 
corresponding slit occurring in the shell (marginula). In 
Haliotis and Pleurotomaria the slit in the shell becomes 
closed at regular intervals, producing a row of round perfora- 
tions, beneath which lies the mantle-slit, and through which 
_ water finds a ready exit from the mantle-cavity, and, in Pis- 
surella, in which at an early stage the margin of the shell 
possesses a slit, by the subsequent growth and obliteration of 
the spiral coiling the slit becomes converted into an aperture 
which lies almost at the apex of the conical shell and leads 
into the mantle-cavity, functioning as a means of exit of the 
water and excrementa from that cavity. In the greater num- 
ber of forms, however, such slits or apertures do not exist; 
but one finds frequently the margin of the mantle produced 
at one point on the left side into a projecting narrow lobe 
whose edges may be brought into opposition, thus producing 
a tube or siphon through which water may pass into the 
mantle-cavity. Where this siphon is well developed a dis- 
tinct notch is found in the margin of the shell, through which 
it may be protruded, or else the lips of the notch are pro- 
longed so as to form a grooved process, the siphonal canal, in 
which the siphon lies, being by these arrangements able to 
function even when the mouth of the shell is closed by the 
operculum. In many forms the mantle-folds are sufficiently 
large to allow of their being reflected over the outer surface 
of the shell when the body is fully protruded. 

The foot is as a rule adapted for creeping, but in many 
cases is differentiated into pro-, meso- and metapodium, the 
last usually bearing a chitinous or more or less calcified 
operculum. In certain forms belonging to a group of pelagic 
forms, however, which were formerly associated together as a 
distinct order, the Heteropoda (Fig. 138), the pro- and meso- 
podium are modified into a kecl-like structure and bear a 
peculiar sucker. The epipodium is frequently developed in 
the Prosobranchia, especially in the more primitive species— 
most frequently, however, being reduced to tentacle- or lobe- 
like processes arising from the sides of the foot. 

In the majority (Fig. 133) of forms there is but a single 
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branchia which lies in front of the heart, whence the name of 
the order, but in a few genera the original left gill also per- 
sists. In many forms a gland is developed in the floor of the 
mantle-cavity close to the rectum—hence called the adrectal 
gland—which in some forms, e.g. J/urex secretes a purple 
pigment. The rotation of the mantle-cavity and the associated 
organs has called forth a crossing of the pleuro-parietal nerve- 
cords, a feature which is lacking in the other orders and 
therefore forms a characteristic of the Prosobranchs. 
In all but a few cases the members of the order are bisex- 
ual, the unpaired reproductive gland lying in the visceral 
hump. The oviduct has in connection with it one or more 
receptacula seminis and dilates into a glandular uterus in 
which the eggs are supplied with the albumen in which they 
are usually imbedded and also surrounded by a shell. In 
the males, except in the more primitive forms, there is present 
a well-developed intromittent organ or penis (Fig. 133, pe), 
situated upon the right side of the head or neck and there- 
fore removed at some distance from the opening of the vas 
deferens into the mantle-cavity. A groove or tube extends, 
however, from the reproductive orifice to the grooved or tubu- 
lar penis, and along this groove or tube, by the ciliary action 
of the cells lining it, the seminal fluid is carried. 


1. Suborder Diotocardia. 


This suborder includes the more primitive Prosobranchs, 
in which, although a considerable rotation has occurred, yet 
nevertheless the abortion of the organs of the original left 
side of the body has not been carried very far. Thus, except 
in Patella and some allied forms, there are two auricles to the 
heart, although in Turbo, Trochus, Neritina, and allied genera 
that of the right side (ie., the original left one) does not com- 
municate with the ventricle. Attention may again be called 
to the fact that in those forms which possess two functional 
auricles the ventricle and pericardium have wrapped them- 
selves round the rectum which seems to perforate the ventri- 
cle. Such forms as Haliotis, Fissurella, and Plewrotomaria pos- 
sess two branchiez, but in the majority of the members of the 
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group only one is present, while in Patella both have disap- 
peared, their place having been taken by respiratory folds 
of the mantle. Both kidneys are invariably present. 

The primitive character of the suborder is further shown 
in the absence of certain structures found in more specialized 
forms. Thus the foot is flat and undifferentiated into pro-, 
meso-, and metapodium ; the anterior part of the digestive tract 
is not evertible as a proboscis; there is no siphonal prolonga- 
tion of the mantle, and no notch or siphonal groove on the 
margin of theshell; and thereis no penis. On the other hand 
the epipodium is usually well developed, as are also the pedal — 
nerve-cords, which are connected by numerous cross-commis- 
sures. 

A further distinguishing feature of the suborder is the 
arrangement of the teeth of the radula. Each transverse row - 
of teeth presents an indefinite number of marginal teeth, usu- 
ally a single lateral, a single median, and a varying number 
of admedian teeth, an arrangement known as rhipidoglossate. 
Thus in Haliotis the arrangement is indicated by the formula 


Fig. 1386.—DENTITION OF Trochus (after LANKESTER). 


#,1,5,1,5,1, ©;in Fissurella by x, 1, 4,1, 4,1, 2; and in Zro- 
chus (Fig. 186) and Turbo by 2, 0, 5, 1, 5, 0, x, the single lateral 
tooth being absent in these forms. In Patella, however, an- 
other arrangement is found characterized by the occurrence 
of only a small number of marginal teeth and by the absence 
of the median, the formula being 3, 1, 2, 0, 2,1, 3; this ar- 
rangement is termed docoglossate. 


2. Suborder Monotocardia. 


In this suborder the effect of the pressure of the visceral 
hump on the organs of the left side of the mantle-cavity is more 
pronounced than in the Diotocardia. The heart possesses a 
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single auricle only, except in Cyprea, where the rudiment of a 
second occurs, and throughout the group but a single nephrid- 
ium is present. There is never more than a single gill, which 
is usually more or less united to the mantle-wall and bears 
lateral branches only upon one side. 

The foot is in some cases flat and broad, as in the Dioto- 
cardia, and in such cases may possess the parallel pedal nerve- 
cords with transverse commissures asin Cypreea and Paludina, 
but usually it becomes more or less differentiated, a propodi- 
um being in many cases well defined (Strombus, Natica), while 
a chitinous or calcareous operculum is usually carried by the 
metapodium, and the pedal nerve-cords are very much re- 
duced or wanting, the pedal ganglia being on the other hand 
more highly developed than in the Diotocardia. The epipo- 
dium is usually entirely wanting, and when present is but 
slightly developed, reaching its fullest development as a con- 
tinuous fold upon the sides of the foot only in Janthina. In 
Paludina itis represented by two anteriorly-situated tentacle- 
like lobes, and in Calyptreea by a semicircular fold on each 
side of the neck region. 

The Monotocardia are further distinguished by the fre- 
quent occurrence of a well-developed siphon and a more or 
less developed siphon groove at the margin of the shell, and 
furthermore a well-developed penis is usually present. 

The anterior portion of the digestive tract isin many forms 
capable of being protruded as a proboscis. The arrangement 
of the teeth of the radula varies considerably in different 
forms, but the rhipidoglossate arrangementis not represented. 
In one group, including the genera Cyprea, Natica (Fig. 187, 
A), Littorina (the periwinkles), Calyptrea, Strombus, etc., the 
tenioglossate arrangement is found, represented by the for- 
mula 2 or 8,1, 1,1, 2 or 3, the admedian teeth, however, being 
very similar to the lateral. In other cases buta single median 
tooth or the median with a single admedian on each side is 
found, as in Fusus, Buccinum (the whelks), Nassa (Fig. 137, B), 
Murex, Purpura, Oliva, Marginella, etc., forming the rachi- 
glossate arrangement represented by the formulas —, 1, —, or 
1,1,1. In Zerebra, Conus, Pleurotoma (Fig. 137, C), and allied 
genera the median tooth is absent, and the single admedian 
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tooth on either side peculiarly long, forming the toxiglossate 
arrangement with a formula 1, 0,1; and finally certain forms, 
such as lanthina, Scalaria (Fig. 137, D), Solarium, ete., have a 
ptenoglossate arrangement in which the median is wanting 
but in which there are a large number of admedians, 2, 0, x. 
The suborder is relatively very rich in species, and conse- 
quently considerable variety of form is found. The majority 
are marine, but a few are fresh-water or even terrestrial in 
habitat. In these latter adaptations to their mode of life are 
found in modifications of the respiratory processes. In Am- 
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Fie. 137.—A, Dentition or Natica ; B, or Nassa; C, oF Pleurotoma, D, 
oF Scalaria (from Bronn). 


pullaria the single branchia persists, but in addition a com- 
paratively capacious “lung-cavity ” is formed by a fold of the 
mantle, its walls being richly supplied with blood-vessels and 
its cavity being in communication with the exterior, so that 
air can be taken into and expelled from it. The species of 
this genus live partly in fresh water and partly are terrestrial, 
but in other forms, such as Cyclostoma, which are purely ter- 
restrial, the branchia has entirely aborted, respiration being 
aerial and performed by the highly vascular wall of the 
mantle-cavity. 

The majority of the marine Monotocardia have a creep- 
ing habit, but a number are pelagic and form a group pre- 
senting many adaptive peculiarities which obtained for it the 
dignity of an order in older classifications. The members of 
this group, HETEROPODA, are more or less transparent animals, 
some of which, with this exception, present few differences 
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from the other Monotocardia, while others are extensively 
modified. The genus Atalanta possesses a large transparent 
shell within which the animal can be completely retracted. 
The foot is no longer adapted for creeping, but is differenti- 
ated into a laterally flattened keel-like pro- and mesopodium 
which bears a sucker on its posterior surface, and a metapo- 
dium provided with an operculum. In Carinaria (Fig. 138) 


Fig. 188.—StRuctTuRE oF Carinaria mediterranea (after Owxn). 


ao = aorta. o = eye. 
6 = buccal mass. p = penis. 
cg = cerebral ganglion. peg = pedal ganglion. 
et = ctenidium. $ = salivary gland. 
Ah = heart. su = sucker. 
7 = intestine. te = testis. 
2 = liver. od = vas deferens. 
mp = mesopodium. og = visceral ganglion. 


vs = seminal vesicle. 


the visceral hump is reduced to a comparatively small mass 
upon the dorsal surface of the elongated body and is enclosed 
in a transparent shell shaped like a liberty-cap. The pro- and 
mesopodium have the form of a plate hanging down from 
about the middle of the under-surface of the body, and the 
metapodium is directed backwards, forming in reality the 
posterior portion of the body. The same relationships of the 
foot are found in Pterotrachea, which presents the extreme of 
modification found in this group; in this form the visceral 
hump is still more reduced than in Carinaria, forming only a 
small oval mass imbedded in the dorsal surface of the body 
and being destitute of any shell. Considering these two forms, 
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Pierotrachea and Carinaria, by themselves, the formation of 
a separate order for their reception would perhaps be justi- 
fiable, but Atalanta shows their close relationships with the 
Prosobranchia and indicates their true position as Monoto- 
cardia. 


2. Order Opisthobranchia. 


The Opisthobranchs are exclusively marine forms, present- 
ing numerous modifications of shape and structure, but all 
agreeing in certain important particulars. The rotation of 
the mantle-cavity has not proceeded quite so far as in the 
Prosobranchs, the cavity and its organs lying upon the right 
side of the body, but at the same time the abortion of the 
organs of the primitively left side of the body has occurred. 
Thus in those forms which possess respiratory organs homol- 
ogous with the branchiz of the Prosobranchs, but one (that 
of the right side) is present, and with this character is associ- 
ated the occurrence in the heart of but a single auricle, 
which lies behind the ventricle. Only one nephridium occurs, 
and a distinction from the Monotocardiate Prosobranchs is 
found in the fact that the branchia when present lies as in- 
dicated by the position of the auricle, behind the heart—the 
name bestowed upon the order being suggested by this pecul- 
iarity. 

A more important distinguishing character perhaps is, 
however, to be found in the arrangement of the nerve-cords. 
The rotation of the mantle-cavity and its associated parts has 
not been carried to such an extent as to produce a crossing of 
the pleuro-visceral connectives, which run more or less par- 
allel with one another and present what is termed an ortho- 
neurous arrangement in contradistinction to the chiastoneu- 
rism of the Prosobranchs. In addition to this character a 
tendency towards an aggregation of the various ganglia to 
a complex mass lying behind the pharynx may also be con- 
sidered a characteristic of the Opisthobranchs. One or both 
parietal ganglia may disappear, and in some cases where 
there is a marked concentration of the ganglia the visceral 
ganglion may also be unrepresented, though usually from one 
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to three such ganglia may be distinguished. In the figure of 
the nervous system of Fiona (Fig. 1389) the concentration of 
the ganglia is well marked, but a 
decided asymmetry is made evi- 
dent in some forms by the exist- 
ence of a single parietal ganglion 
and of three visceral ganglia. In 
Fiona, however, the ganglionic 
concentration has been carried 
still farther, and at the same time 
by the suppression ut the parietal Fia. 189.—Nervous System or 
ganglion as a distinct mass of Fiona atlantica (after Bercx from 
cells an apparent symmetry has  @ecznzasvn). 

resulted. A = cerebro-pleuro-visceral gan- 


With regard to many other pA ieee ee Sra Eerlon: 
features of their anatomy con- 7 — gastro-cesophageal ganglion. 
siderable variations are to be e= pedal commissure. 

found. Thus in some forms a @ = Visceral commissure. 
well-developed spirally-coiled visceral hump is developed, - 
‘while in others it loses its spiral arrangement, and in others 
again is elongated in the direction of the foot and can hardly 
be said to exist. So, too, with the occurrence of the shell, 
mantle, and branchie ; all are well developed in some forms, 
but entirely absent in others. These peculiarities will be more 
conveniently referred to in connection with the various groups, 
and it is only necessary here to refer to another feature in 
addition to those already given, which is common to all the 
members of the order—ie., the hermaphroditic character of 
the reproductive gland. 

This forms part of the visceral mass and is usually com- 
posed of numerous lobes, these again being divided into 
secondary lobes or acini, the lining epithelium of which 
give rise to both ova and spermatozoa. In some forms, 
such as Bulla and Aplysia, both elements are formed in ail 
the acini; but in others, such as Doris, Janus, Pteropoda, etc., 
the epithelium of the terminal acini gives rise to ova only ; the 
epithelium of the lobes, ie., the central portions of the gland, 
producing spermatozoa. Whether or not, however, there be 
such a separation of the epithelium into male and female 
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areas, the reproductive elements make their way into a com. 
mon hermaphrodite duct, which presents variations of structure 
in different forms and receives the secretion of certain acces- 
sory glands. In its simplest form, as seen for instance in 
Aplysia, the duct runs forward, pursuing a somewhat tortuous 
course and becomes surrounded by an albuminiparous gland, 
from which it receives a viscid secretion, within which the 
ova become imbedded just in front of the point where the 
gland opens into the duct. The latter has attached to it a 
pouch-like structure, the vesicula seminalis, and is continued 
on as a somewhat wider tube to open to the exterior at the 
genital pore situated on the right side of the body, shortly 
before reaching the pore, however, receiving a duct from a 
globular sac, the spermatheca. From the anterior edge of the 
pore a groove, the seminal groove, extends along the right 
side of the body to the neck region, where it ends in a mus- 
cular evertible penis, situated near the anterior right tentacle. 
It seems probable that the spermatozoa mature before the 
ova, and passing to the vesicula are stored up there. During 
copulation the seminal fluid is transferred through the penis 
to the spermatheca of another individual (perhaps the trans- 
ference is a mutual interchange), and when later the ova pass 
along the duct they are impregnated by the spermatozoa 
so stored away, a cross-fertilization being thus . brought 
about. 

This arrangement of the reproductive duct is found in the 
more primitive Opisthobranchs, i.e., in those in which the 
mantle-lobe still persists, and in the group Pteropoda; in 
the more highly-modified forms, such as Doris, #olis, etc., 
and, among the more simple forms, in Pleurobranched the 
hermaphrodite duct divides into an oviduct and a vas deferens. 
The former after receiving the spermathecal duct opens into 
a genital atrium, with which communicate also the albuminipa- 
rous gland and a nidamental gland, which manufactures the 
outer shell-like investment of the ova. The vas deferens, after 
a more or less tortuous course, enters the muscular saclike 
penis-sheath which communicates with the genital atrium; the 
enlarged termination of the vas, the penis, being thus capable 
of eversion through the pore by which the atrium communicates 
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with the exterior. This condition seems to be a secondary 
modification of one in which the oviduct and vas deferens 
open independently at widely separated points—a condition 
which is represented by a few Opisthobranchs. 


Suborder Tectibranchia. 


The Tectibranchiates are those Opisthobranchs which 
present the smallest amount of modification from what has 
been considered the typical Gasteropod structure. A more 
_ or less developed mantle-fold is usually present, sometimes 
sufficiently voluminous to cover in the single branchia which 
persists (Bulla), but frequently represented only by a slight 
fold, which leaves the branchia exposed (Aplysia, Casterop- 
teron). A shell is very generally present, sometimes well de- 
veloped (Bulla), but in other cases reduced to a plate-like 
structure enclosed within the mantle which has been reflected 
over it and the lips of the reflected portion meeting and fusing 
(Aplysia, Pleurobranchus). The visceral hump, however, is as 
a rule low and elongated in the direction of the long axis of 
the body instead of at right angles to it, as in the majority of 
Prosobranchs. In many members of the group the foot pos- 
sesses a broad creeping surface, but its margins are prolonged 
into broad thin wings, the parapodia, which may be bent up- 
wards, as in Aplysia, so as almost to enclose the body. 

The Tectibranchiates are divisible into two groups accord- 
ing to their habits, in accordance with which the form of the 
foot and especially of the parapodia is modified. Those forms 
which possess a broad flat sole to the foot have a creeping 
habit; but there are many forms which are pelagic in habit 
and present many modifications of structure in adaptation to ~ 
this mode of life, and were consequently classified at one time 
as a distinct order, the PTEropopa, and consequently call for 
special mention. One of the most characteristic features of 
this group is the foot, which is limited to the anterior portion 
of the body and consists of a small median portion and two 
lateral wing-like parapodia arising from the sides of the 
median portion, and by the rapid flapping of which the 
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animals are propelled through the water. In their general 
form much diversity is observable. In accordance with their 
pelagic habits the majority are more or less transparent; and 
some, the Gymnosomata, e.g. Pneuwmoderma, Clione, etc., are 
entirely destitute of a shell, mantle, and, except in Pneumo- 
. derma and its allies, of a branchia. Others, the Thecosomata, 
possess these structures, however—the shell in Limacina being 
spirally coiled, the mantle-cavity situated in front of the 


Fie. 140.—Hyalea complanata (after Gzcensaur, from HERTWIG). 


@ = anus. m = mantle. 
br = branchie. oe = esophagus. 
c = heart. re = nephridia. 
G = reproductive organs. » = stomach. 
h = digestive gland. IIT = pedal ganglion. 


visceral hump being without a branchia; in Styliola the shell 
is not coiled, but is cone-shaped and bilaterally symmetrical, 
the mantle-cavity containing a gill; while in Cymbuliopsis the 
original shell is replaced by a cartilaginous case formed by 
the subepidermal tissues of the mantle, and the voluminous 
mantle-cavity contains no gill. The head of the Gymnoso- 
mata carries a non-retractile proboscis, at the extremity 
of which is situated the mouth, and it may furthermore bear 
in addition to the tentacles usually present peculiar tentacle- 
like processes, sometimes provided with suckers and perhaps 
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modifications of portions of the foot, being innervated from 
the pedal ganglia. In these forms also fringed or simple pro- 
cesses of the posterior portion of the body occur which serve 
as respiratory organs, though they are not homologous with 
the true branchia which in Pneumoderma coexist with them. 


Suborder Nudibranchia. 


In the Nudibranchs the visceral hump has undergone 
elongation parallel with the long axis of the foot, from which it 
is not distinctly marked off, and an apparent bilateral sym- 
metry is manifested by the body. This condition, however, 
is evidently entirely secondary, as is shown by the structure 
of the heart and nephridium, in which the usual asymmetry is’ 
well marked. There is no shell, mantle, or ctenidia. Adaptive 
branchie are, however, frequently developed, as in Pleurophyl- 
lidia, where they form a series of folds 
which lie in a groove at the side of the 
body and recall somewhat the arrange- 
ment inthe Chitonida, or in Doris, where 
they surround the anus, which has a 
dorsal position, and form a circle of pin- 
nate processes. In the pelagic Phyllirhoé 
and in the creeping Limapontia, however, 
there is no trace of respiratory organs. 
Many forms (Fig. 141), such as vlis, 
Facellina, and their allies, bear upon the 
dorsal surface of the body numbers of 
finger-like processes usually arranged in 
bunches, and frequently brightly colored. 
These cerata frequently enclose branches 
from the intestine which correspond to 
the digestive gland of other forms, and p, 44), Nuprpran- 
bear at their extremities a sacin which oyarg OpisrHo- 
are developed nematocysts. Theseorgans Brancn (olid). 
are usually richly provided with blood- 
vessels, and are probably respiratory in function, though 
the presence of nematocysts renders it probable that they 
are also protective—an idea which is confirmed by their 
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usually brilliant coloration. The foot in the pelagic Phyl- 
lirhoé has entirely disappeared, but is usually elongated and 
provided with a broad flat surface, in accordance with the 
creeping habits of the Nudibranchs. Parapodial folds, such 
as occur in the Tectibranchs, are never developed. 


Order Pulmonata. 


The Pulmonates differ from all the other groups of Gas- 
‘teropods in that they are, with the exception of a single genus, 
Onchidium, either terrestrial or aquatic; and in adaptation to 
this assumed habit certain well-defined changes have occurred. 
In some genera, more especially the aquatic forms, such as 
Limnea, Physa, and Planorbis, the visceral hump has its typi- 
cal Gasteropod development, and is spirally coiled; but in 
many terrestrial forms, such as Limawx (Fig. 142, A), Arion, 
and Vaginula, it is low and elon- 
gated parallel to the long axis 
of the foot with which it is 
fused. The mantle is in all 
forms well developed, but pre- 
sents the peculiarity that it is 
fused by its edges to the body- 
wall except at one point upon 
the right side, where an open- 
ing is left by which the other- 
wise completely-closed mantle- 
cavity communicates with the 
exterior and through which air 
may be taken into the cavity. The position of the mantle- 
cavity, when not interfered with by secondary changes, is 
upon the right side of the body and somewhat in front of 
the visceral hump when this is present. A  spirally-coiled 
shell is present in all forms in which the visceral hump 
is well developed, as in Limnwa, Physa, Helix (Fig. 142, B), 
and Planorbis, but in the elongated terrestrial forms a 
rudimentation of the shell accompanies the diminution of 
the visceral hump. Thus in Daudebardia, in which only 
a slight trace of the hump persists, the shell has become 


Fig. 142.—A, Limax maximus; B, 
Helix (after Howss). 
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quite small, though still showing plainly a spiral form ; but in 
Limacx it is represented only by a partially calcified plate, im- 
bedded in the roof of the mantle-cavity by the closure over 
it of a fold of the mantle. In Arion only a few isolated parti- 
cles of carbonate of lime persist, while in Vaginula and Onchi- 
dium all trace of it has disappeared. 

A marked characteristic of the Pulmonata is found in the 
character of their respiratory organ. A ctenidium is entirely 
wanting, the only trace of its existence being the occurrence 
in some of the aquatic forms (Limnea, Physa, etc.), of an os- 
phradium near the mantle-pore. Its place is taken by the 
roof of the mantle-cavity, which receives a rich vascular net- 
work and functions as a lung, the mantle-cavity containing 
air which can be renewed through the mantle-pore. The 
heart is situated far back in the mantle-cavity, its auricle 
lying in front of the ventricle and receiving the blood from 
the more anteriorly-situated lung, so that the relation of the 
respiratory organ to the heart is the same as obtains in the 
Opisthobranchs. Inthe immediate neighborhood of the 
heart lies the single nephridium, opening into the mantle- 
cavity or else into the terminal portion of the rectum (Helix), 
this structure opening on the right side of the body in close 
proximity to the mantle-pore. 

As in the Opisthobranchs, the rotation of the mantle-cavity 
and its organs, as indicated by its position on the side of the 
body, has not extended as far as in the Prosobranchs, and 
consequently there is no crossing of the pleuro-visceral con- 
nectives. The Pulmonates are orthoneurous. The ganglia 
are present in typical number, and are massed together, as in 
some Opisthobranchs and Prosobranchs, behind the buccal 
mass. 

Special visual organs are invariably present with the struct- 
ure which has already been described. In some forms they 
are situated, as in the Prosobranchs, at the bases of the ten- 
tacles; while in others they are found at the tips of these 
structures—the Pulmonates being divisible, according to the 
situation of the eyes, into the Basommatophora, including such 
forms as Limnea, Physa, Planorbis, and in general the aqua- 
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tic forms, and the Stylommatophora, which includes the ter- 
restrial forms, and Onchidium. 

This last genus in addition to the usual eyes borne upon the tentacles 
is in some species further provided with a number of eyes situated upon 
the back and differing from the typical eye in the arrangement of the retinal 
cells. As has been seen, the optic nerve in typical eyes on entering the eye 
spreads out in a layer to form the retina, the terminal optic cells being 
situated on that surface of the retina which is turned towards the light. 
The dorsal eyes of Onchidium, however, present a somewhat different 
arrangement, the cells in which the nerve-fibres terminate having their 
distal ends turned away from the light, which to affect them must pass 
through the layer of nerve-fibres formed by the spreading out of the optic 
nerve. Compared with the retine of typical eyes, those of the dorsal eyes 
of Onchidium are inverted and have assumed an arrangement exceedingly 
rare in Invertebrates, but typical for the lateral eyes of the Vertebrata. 


Otocysts are always present, and the tentacles borne by the 
head are probably tactile in function. In the Stylommatoph- 
orous Pulmonates there are in some cases (Helix) two pairs 
of such tentacles, the eyes being situated upon the posterior 
pair, both pairs furthermore being capable of being invagi- 
nated for protection into the body-cavity, a peculiarity not 
presented by the tentacles of the Basommatophora. As 
stated above, the osphradium is represented in certain aquatic 
forms, but in the Stylommatophora it has disappeared with 
the suppression of the ctenidium. 

The Pulmonata are hermaphrodite, the epithelium of the 
reproductive gland (Fig. 143, hg) differentiating into both 
spermatozoa and ova, there being no localization of the for- 
mation of either one or the other in a special portion of the 
gland, as happens in some Opisthobranchs. In the Basom- 
matophora and certain terrestrial Pulmonates, such as Vagi- 
nula and Onchidium, the common duct (hd) for the spermatozoa 
and ova divides and passes to the exterior by two distinct 
and separate apertures. Thus in Limnea the hermaphro- 
dite duct shortly after leaving the gland divides, and into one 
of the branches immediately after the division there opens a 
well-developed albuminiparous gland (al), and it then becomes 
somewhat folded, forming what is termed the uterus (ut). 
Beyond this structure the duct, now known as the oviduct (od), 
receives the duct of a.nidamental gland and dilates into a 
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large pyriform structure, which tapers somewhat to form a 
vagina opening to the exterior and receives a duct from the 
receptaculum seminis. The vas deferens (vd) shortly after 
its separation from the hermaphrodite duct dilates into a 
glandular structure, the prostate gland, from which the nar- 
row duct passes onward to terminate in an enlarged penis- 
sheath (pe) which contains the 
muscular protrusible penis 
and opens to the exterior 
quite independent of the 
opening of the vagina. 

In the majority of the 
Stylommatophora (Fig. 143), 
however, the two ducts open 
into a common atrium so that 
only one genital orifice occurs, 
as in some of the Opistho- 
branchs (see p. 312). Other- 
wise the arrangement is simi- 
Jar to what has been de- 
scribed for the Basommato- 
phora, except that in some 
forms, as Helix, one or two Fic. 148.—REPRODUCTIVE ORGANS OF 
additional accessory struc. Limax maximus (after SimrorH). 


al = albuminiparous gland. 
tures are added. Thus the ha i= hemmaalpodiin duct, 


atrium has communicating hg = hermaphrodite gland. 
with it a sac which contains ii = ligament. 
a sharp calcareous rod, the fa = Oxmiuce, 

pe = penis-sheath. 


“dart,” which serves as a he 
stimulus during copulation, ut 
being plunged into the body od 
of the other party to the act; % 
and again just at the point where the vas deferens opens 
into the penis it has communicating with it an elongated 
tubular structure, the “flagellum,” which perhaps furnishes 
the material of which the capsule of the spermatophores is 
composed. 

Development and Affinities of the Gasteropods.—The devel- 
opment of the Gasteropods is made interesting on account of 


receptaculum seminis. 
uterus. 

vas deferens. 

vesicula seminalis. 


eu wd de th ton 
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the occurrence in the majority of forms of a larva known as 
the Veliger (Fig. 144) which presents many interesting aftin- 
ities to the Annelid Trochophore. In the early stages of de- 
velopment the embryo is strictly 
bilateral, with the mouth and 
anus at the extremities of the 
longitudinal axis. Upon the dor- 
sal surface posteriorly is a de- 
pression lined with columuar cells 
which secrete the larval shell (Sh), 
and in front of this is an area 
enclosed by two rows of cells 
“S bearing stout cilia and forming 
Fig. 144.—Veicer Larva. the velum (V). This band of 


F = foot. cilia is preoral (Pro) in position, 
M = mouth. and in addition to it a second 
OS er Gye: band of smaller cilia is to be 


Poo = postoral band of cilia. 


Pro = preoral band of cilia. found which passes ventrally to 


Sh = shell. the mouth and constitutes a post- 
T = tentacle, oral band (Poo), the groove be- 
V = velum. : 


tween it and the preoral band 
being occupied by the adoral cilia. On the ventral surface 
is found a prominence which represents the foot. 

In later stages the lateral edges of the velum are drawn 
out so as to form a broad lobe, sometimes divided into two 
arms, projecting on each side of the head; the preoral and 
postoral bands of cilia extending round the margin of the 
fold, not, however, completely enclosing the velar area, but re- 
maining open on the dorsal surface. The shell area increases 
markedly in size, the shell becoming spirally coiled, the vis- 
ceral hump which develops in the shell area likewise assum- 
ing the coiled form. At the margins of the shell area a fold 
appears, the rudiment of the mantle, which gradually increases 
in size as the shell area extends, and at the same time the 
anus becomes rotated forwards from its original terminal posi- 
tion along the right side of the body to a greater or less ex- 
tent. As these changes progress, the embryo gradually ap- 
proaches more and more to the adult form, differing from it 
mainly in the existence of the velum, by means of which it 
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leads a free-swimming pelagic existence, assuming the adult 
habit only after a further growth which is accompanied by a 
reduction of the velum. 


Such a Veliger larva occurs in the life-history of the majority of the 
Gasteropoda, though, as might be expected, it undergoes certain modifica- 
tions more especially in terrestrial forms, though even in these there are 
ample indications of its existence. Indeed the Veliger is so frequent in its 
occurrence that the conclusion is almost unavoidable that it has an ances- 
tral significance and represents in a more or less modified condition a 
primitive form from which the Mollusca have descended. A comparison of 
the Veliger with the Annelid Trochophore brings out, as already men- 
tioned, numerous similarities. These are especially noticeable in the ar- 
rangement of the ciliary bands, which resemble those of the Trochophore 
part for part, even to the dorsal break in their continuity. It is difficult 
to believe that such marked similarities should have been acquired inde- 
pendently in the larve of two different groups of animals and have become 
so characteristic, a difficulty rendered all the greater by the occurrence of 
other points of similarity, such as the development of the mesoderm, in 
some forms at least, from a pair of mesoblasts situated at the posterior 
extremity of the blastoccel ; the existence of a thickening of the ectoderm 
in the centre of the velar area in some forms, corresponding to the apical 
plate of the Trocophore ; and the occurrence of a larval excretory organ or 
nephridium in some Veligers which may be compared to the larval ne- 
_ phridium or head-kidney of the Trochophore. The probable significance of 
this larval form will be more suitably discussed at the conclusion of this 
chapter ; it remains to be said here regarding it that the occurrence among 
the Pteropods of larve with several bands of cilia surrounding the visceral 
hump is probably to be explained as a secondary adaptation, just as the 
mesotrochal Annelid larve are probably secondary modifications of a Tro- 
chophore. 

As regards the relationships of the various groups of Gasteropods 
among themselves, there is little doubt but that the Diotocardiate Proso- 
branchs are, on the whole, the most primitive of all the groups and stand 
nearest to the Amphineura, and from them the Monotocardia have devel- 
oped. The Opisthobranchs and Pulmonates are apparently closely re- 
lated, the latter group having been derived from Tectibranchiate ancestors 
somewhat more generalized probably than any Opisthobranch now living. 
The orthoneurous character of the nervous system and the structure of the 
reproductive system in the two groups indicates their affinity, and it seems 
probable that the Pulmonates are to be regarded as Opisthobranchs which 
have accommodated themselves at first to an amphibious life, somewhat 
similar to that now led by Onchidiwm, and later to one purely terrestrial, 
at the same time differentiating an organ for aerial respiration. Such an 
origin would imply that the aquatic species have secondarily taken to fresh 
water as a habitat, having originally been terrestrial, an idea which on 
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a priori grounds seems improbable ; but there seems to be no good reason, 
if the aquatic forms are derived directly from marine ancestors, why their 
ctenidia should have become replaced by a lung, since in the aquatic Pro- 
sobranch Paludina the ctenidium is still retained. On the other hand, it 
may be again mentioned that the terrestrial Prosobranchs such as Cycio- 
stoma, Acicula, etc., have lost their ctenidium and resemble a Pulmonate 
in their mode of respiration. 


III. Crass SCAPHOPODA. 


The class Scaphopoda contains a small number of closely- 
related genera of marine Mollusca, Dentalium, Siphonodenta- 
lium, Cadulus, etc., living imbedded in the sand in depths of 
from 10 to 100 fathoms and possessing but slight powers of 
locomotion. They resemble the Gasteropoda in possessing a 
visceral hump which is relatively enormously elongated but 
does not undergo a spiral twisting, nor has it fallen over to 
the right or left side of the body. Consequently the Scaph- 
opods are bilaterally symmetrical and stand in marked con- 
trast in this respect to the Gasteropods. 

The mantle-folds are two in number, arising from the 
‘anterior surface of the visceral hump and extending around 
the body so as to completely enclose it, meeting posteriorly 
and fusing together, except for a short extent, dorsally and 
ventrally, and forming thus a tube to the anterior wall of 
which the body is as it were attached. This tube is open at 
either end, the ventral opening being somewhat larger than 
the dorsal one, and the whole is enclosed within a tubular 
shell (Fig. 145, sh) whose shape corresponds essentially to that 
of the mantle. From the ventral opening the foot (/) pro- 
jects to a greater or less extent, being in Dentalium a cylin- 
drical structure, terminating in a conical process provided 
with two lateral lobes. 

The mouth (m) is situated at the extremity of a cylindrical 
proboscis (not to be confounded with the protrusible proboscis 
of a Gasteropod) and is surrounded by a number of leaflike 
tentacles, while at the base of the snout there is upon each 
side a bunch of long filamentous tentacles (¢) capable of being 
protruded from the mouth of the shell and of being withdrawn 
within it. Each tentacle terminates in a spoon-shaped struct- 
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ure whose concave surface is furnished with ciliated cells and 
also towards the margin with unicellular glands. These 


structures have been supposed to 
represent the ctenidia of the other 
Mollusca, but this view cannot, in the 
present condition of our information 
concerning their structure and devel- 
opment, be accepted without reser- 
vation. The mouth opens into a 
short cesophagus provided with a 
single chitinous jaw-tooth apparently 
formed by a fusion of two chitinous 
masses, and behind this there is a 
pharynx provided with a radula and 
opening posteriorly into the some- 
what U-shaped more or less convolu- 
ted intestine (¢) which terminates in 
the anus (a) lying in the mid-ventral 
line behind the foot. Into the intes- 
tine at the turn of the U there open 
the ducts of the digestive gland (), 
and into the posterior portion of the 
intestine, the rectum, there open in 
Dentalium several ducts from a rectal 
gland which surrounds this portion 
of the digestive tract and whose sig- 
nificance is quite obscure. 

The nervous system presents the 
majority of the ganglia characteristic 
of the Gasteropoda, and the pleuro- 
. visceral connectives do not cross one 
another. The cerebral ganglia (ce) 
lie at the base of the proboscis an- 
terior to the csophagus and have 
closely associated with them the 


Fie. 145. — StructurE oF 
Dentalium (after LeuckaRt). 
@ = anus. 


ce = cerebral ganglion. 
f = foot. 

z = intestine. 

¢ = liver. 


m = mouth. 
me = mantle-cavity. 
pe = pedal ganglion. 

r” = reproductive organ. 
rm = right nephridium. 
sh = shell. 

t = tentacle. 
vt = visceral ganglion. 


pleural ganglia, the 


cerebro-pedal and pleuro-pedal connectives fusing with one 
another to pass downwards and forwards to the pedal ganglion 
(pe) situated in the foot. Posteriorly in the vicinity of the 
rectum lie the two visceral ganglia (vi) from which long 
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nerves pass dorsally, but no special parietal ganglia occur. 
Two pairs of buccal ganglia are also present. Otocysts are 
present imbedded in the foot in the neighborhood of the 
pedal ganglia, but no other special organs of sense, unless 
the bunches of tentacles be considered such, occur. 

No special respiratory organs are developed, the mantle 
probably subserving the respiratory function. The heart, a 
simple invagination of the wall of the pericardial cavity, lies 
in the posterior region of the body, on the dorsal surface of 
the intestine. It possesses no auricle, but receives the blood 
through small slits in its walls. There are no special blood- 
vessels, but the blood circulates through a series of sinuses 
traversing the body in various directions. 

A pair of nephridia occurs in the posterior region of the 
body, opening to the exterior by a pore on either side of the 
anus, but a communication with the pericardial cavity is said 
to be wanting. However this may be, the right nephridium 
(rn) serves for the exit of the reproductive elements, though 
the exact method by which these latter make their way into 
the duct is unknown. Between each nephridial pore and the 
anus there is a pore which seems to be the opening of a short 
tube which communicates directly with the schizoccelic sinus 
surrounding the terminal portion of the intestine and places 
it in communication with the surrounding water, a peculiar 
arrangement which recalls the dorsal pores of the oligo- 
chetous Annelids. The Scaphopods are bisexual, and the 
reproductive organs, ovaries or testes, are single, consisting of 
long completely closed sacs with lateral diverticula, lying 
along the posterior wall of the visceral hump. As already 
stated, the reproductive elements after the rupture of the wall 
of the reproductive gland make their way to the exterior 
through the right nephridium. 

Development and Affinities of the Scaphopoda.—The larva of Denta- 
lium, though presenting considerable resemblance to the Trochophore, 
differs from it nevertheless in several points of detail. It possesses a dis- 
tinct apical tuft of cilia and the prototroch is present, though represented 
by three or more circles of cilia-bearing cells. The mantle-folds develop at 
a relatively early stage as two lateral folds, quite separate along the ventral 


line, the fusion characteristic of the adult only appearing later. It is this 
early development of the mantle-lobes and the multiplication of the proto- 
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troch bands which obscure the Trochophore characters, a still earlier larva 
presenting greater similarities to the annelid larva. 

By the earlier writers the Scaphophods were considered more élosely 
related to the Pelecypoda than to the other Molluscan groups, this relation- 
ship being indicated more especially by the symmetrical form, the apparent 
lateral arrangement of the mantle-folds and the absence of eyes. On the 
other hand, there are a large number of differences between the members 
of the two groups, as for instance the univalve character of the shell, and 
especially the occurrence of a radula andjaw. This latter feature suggests 


Fic. 146.—D1aGRAMs TO SHOW THE ORIGIN OF THE SCAPHOPODS FROM A F%s- 
surella-like ANCESTOR (after PLATE). 


ct = ctenidium. go = reproductive organ. 
Sf = foot. m = mouth. 
sh = shell. 


the Gasteropods, and it seems most probable that it is to this group that 
the Scaphopods should be considered as related. They must, however, be 
referred to the more primitive Gasteropods, those in which the rotation of 
the mantle-chamber had not occurred. An elongation of the dorsal hump 
of a Fissurella-like ancestor unaccompanied by a twisting to one side, as 
represented in Fig. 146, would bring about a condition from which it does 
not seem a great step to reach the Scaphopods. 

Among recent Gasteropods it is with the Diotocardiates that the 
Scaphopods seem to be most affiliated, and, as we shall later see, itis from 
the primitive members of this order that the Pelecypods have probably 
been derived, and thus any similarities which may exist between the 
Scaphopods and Pelecypods is readily explicable on the basis of a similar 
ancestry, both groups being derived from Prosobranch-like forms. The 
absence of a larva corresponding closely to the Gasteropod Veliger would 
seem to oppose such a view, but it must be remembered that the Veliger is 
characteristic only of the more highly-differentiated Prosobranchs—such 
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forms as Patella, for instance, having a larva destitute of some of the 
more characteristic Veliger features and more closely resembling the 
Annelid Trochophore and the Scaphopod larva. 


IV. CLass PELECYPODA. 


The class Pelecypoda, also known as the Zamellibranchia, 
contains a number of fresh-water genera, though the majority 
are marine, and all its members retain the primitive bilateral 
symmetry of form, no visceral hump being developed. The 
body is more or less laterally compressed and two large 
mantle-folds (Fig. 149, m) are developed, arising one on each 
side a short distance ventrad of the dorsal mid-line and extend- 
ing downward so as to meet below. They thus enclose a wide 
space, the mantle-cavity, between their inner surfaces and the 
body-wall, within which lie the ctenidia (Fig. 148, ct) and the 
foot (p). Upon the mantle-edge in many forms tentacles, 
papille, glands, and eyes are developed, and in many cases 
the edges of the two lobes may fuse more or less completely, 
openings being, however, left for the entrance and exit of 
water into the mantle-cavity, and also for the protrusion of 
the foot. All gradations of fusion are represented: thus in 
Nucula, Ostrea, etc., there is no fusion whatever; in Unio 
(Fig. 149) and other forms the posterior edges of the mantle- 
folds are modified, so that while the edges of the folds are in 
contact throughout the greater portion of their extent two 
openings are left, through the uppermost of which, the exha- 
lent opening (eo), water carrying with it the excreta and the 
reproductive elements finds an exit, while through the lower 
one, the inhalent opening (io), fresh water passes in; in the 
next gradation the point of separation between these two 
openings, which in Unio was simply formed by the contact of 
the mantle-edges, becomes permanent by the fusion of these 
latter parts, and a further stage, seen in Venus for example, 
is formed by the fusion of the mantle-edges ventral to the 
branchial opening, a fusion which may extend forward a con- 
siderable distance. In this last condition there are three 
openings which place the mantle-cavity in communication 
with the exterior, one anterior, through which the foot is pro- 
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truded, and two posterior, the branchial and anal openings. 
The mantle around these latter frequently becomes prolonged 
so that two tubes, or siphons as they are termed, are formed, 
sometimes in contact with one another (Pholas), sometimes 
quite separate (Venus), sometimes capable of retraction within 
the shell, sometimes so large as to be incapable of retraction 
(Mya). 


Fie. 147.—A, Mya arenaria with the siphons slightly expanded; B, inner sur- 
face of the right valve of the shell of Mya. 


aa = impression of anterior ad- pa = impression of posterior ad- 
ductor muscle. ductor muscle. 
¢ = ligament. pl = pallial line. 
m = mantle edge. 8 = siphon. 
p = foot. st = siphonal impression. 


In conformity with the form of the mantle-lobes the shell 
consists of two similar portions or valves, lying on the sides 
of the body and united along the dorsal mid-line by a hinge. 
The hinge is formed by a ligament, as it is termed, which is 
really a portion of the shell substance, and consists of an 
external portion continuous with the epidermis of the shell 
and an internal elastic portion, frequently calcified to a cer- 
tain extent, and continuous with the middle layer (prismatic 
layer) of the shell. When at rest the two valves of the shell 
are kept apart along the ventral line by the elasticity of the 
hinge-ligament, and it is only by the application of force that 
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the two valves can be brought together, the ligament being 
then compressed. The hinge is frequently complicated by 
the development of tooth-like processes and corresponding 
sockets so that the two valves may be firmly locked together. 
Upon the inner surface of the valves are certain impressions 
produced by the softer parts and of considerable value in 
systematic conchology. A short distance from the margin of 
each valve and parallel to it is a distinct line, the pallial 
impression (Fig. 147, pl), produced by the attachment of the 
muscle-fibres which bind the mantle-lobes to the shell. In 
some forms, such as Anodon, this pallial line follows the shell 
margin throughout its entire course, but in those genera 
which possess well-developed and retractile siphons it is 
deeply incurved in the posterior portion of its course. Other 
markings of the shells are produced by the insertion into 
them of a number of muscles. -The largest and most import- 
ant of these are the adductor muscles of the shell (aa), large 
muscles passing from one valve to the other, by their contrac- 
tion overcoming the elasticity of the hinge-ligament and clos- 
ing the shell. In the majority of forms there are two such 
muscles, situated towards the anterior and posterior portion 
of the body, but not unfrequently, as in Ostrea and Pecten, 
but one, corresponding to the posterior adductor of other 
forms, is present. In the immediate vicinity of the adductor- 
impressions other smaller muscle-impressions are usually 
observable, produced by the protractor and retractor muscles 
of the foot and siphons. 


Although in the Pelecypod shell the two valves are typically similar 
and symmetrical, yet in a number of cases a marked dissimilarity is found 
in their shape. Thus in Ostvea the valve upon which the animal rests, 
usually the left valve, is large and concave, while the other is smaller 
and flattened, and a similar relation is found in other forms which be- 
come temporarily fastened to rocks, ete. Occasionally additional cal- 
careous plates are added to the usual shell, as in the boring mollusk Pholas, 
in which three accessory calcareous plates are developed on the dorsal sur- 
face of the body. In the Ship-worm, or Teredo, which bores extensively 
into timber and is in some cases exceedingly destructive, the true shell- 
valves are very small and situated at the anterior end of the body, and the 
mantle projects backwards far beyond them and secretes a thin calcareous 
tube which lines the interior of the passages excavated by the animal. A 
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similar peculiarity is found in the Aspergillum. Here, too, the true shell- 
valves are exceedingly small and are united together by and imbedded in 
a calcareous tube secreted by the mantle, which projects far beyond the 
shell proper and is fused throughout the greater portion of its extent. 
The calcareous tube is open behind for the passage of the two siphons, 
but anteriorly is closed by a perforated plate, the margins of the perfora- 
tions being sometimes prolonged into tubes which may branch dichoto- 
mously. The animal lives imbedded in the sand, the posterior ex- 
tremity of the shell being directed upwards, and seems to have been 
derived from forms originally possessing a boring habit, such as is seen in 
Teredo. 

The foot of the Pelecypoda is as arule very simple. In 
the most primitive members of the group, such as Nucula 
(Fig. 151), it is a flat disk-like structure, recalling somewhat 
the foot of the Gasteropoda, but more usually itis a keel- 
shaped structure (Fig. 149, p). The modifications in shape 
which it undergoes are, however, numerous and it may even 
in some cases be almost absent, as in the Oyster (Ostrea), but 
special developments, such as epipodia, are never found in 
connection with it. A “byssus-gland” is a characteristic 
development of the Pelecypod foot, consisting of a cavity 
with usually greatly folded walls lying in the tissues of the 
foot and connected with the exterior by a canal opening on 
the sole of the foot. By the cells lining the cavity threads of 
a horny consistency are secreted by means of which the 
animal is enabled to fasten itself to stones, etc., or even in 
some cases, as Mytilus, to move about in the absence of a 
well-developed foot, throwing out byssus filaments, attaching 
them, and then drawing itself forward towards them. 

The respiratory organs (Fig. 149, br) of the Pelecypoda 
consist of a pair of platelike structures situated on each side of 
the body, and being attached along their dorsal margins hang 
down between the mantle and the body-wall. Notwithstand- 
ing their platelike form they are modifications of the plumose 
ctenidium of the Gasteropods. If the typical bipinnate 
ctenidium be imagined to be directed parallel to the long 
axis of the body and the median axis to have fused with the 
body-wall, so that the two rows of pinne are bent down so 
as to lie parallel to one another, the simplest form of the 
Pelecypod ctenidium, such as occurs in Nucula (Fig. 151), will 
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be obtained. In the majority of forms, however, the arrange- 
ment is much more complicated than this. Thus in Dytilus 
it will be found that the various pinne composing each 
plate are held together by a series of patches of strong cilia 
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D 
Fie. 148.—A, diagrammatic section through Pecten, and B, through Anodon; 
@, section through gill-lamella of Pecten, and D, of Anodon. 


au = auricle. ol = outer lamella of outer gill. 
SF = foot. pe = pericardial cavity. 
@f = gill-filament. p = pore. 
wt = inner Jamella of inner gill. 8 = blood-sinus, 
al = interlamellar junction. sbr = suprabranchial chamber. 
ne = nephridium. sh = shell. 


which interlock forming the “ciliated junctions,” and further- 
more the pinne are at their free ends bent abruptly upon 
themselves, those of the outer row outwards and those of the 
inner row inwards, so that each gill-plate is composed of two 
lamellw (Fig. 148, .1). This condition may be regarded as the 
next step in the modification, which is continued even 
further by the permanent union of the outer and inner limbg 
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of the pinna, or gill-filaments as they may be called, by hollow 
processes, the “interlamellar junctions” (Fig. 148, C, ‘l). 
A still greater departure from the primitive condition 
is found, however, in the greater number of existing Pelecy- 
pods, consisting of a fusion of all the filaments of each lamella 
into a plate (Fig. 148, D), small openings (p) only being left here 
and there between adjacent filaments ; furthermore the inter- 
lamellar junctions become very well developed, so that the 
two lamellz of each gill become firmly united together to form 
a plate, containing in the interior a cavity, the interlamellar 
space. 

In addition to these various modifications which lead to 
the formation of a true lamellate gill, the edge of the external 
lamella of the outer plate fuses with the inner surface of the 
mantle, and the internal lamella of the inner plate fuses sim- 
ilarly with the side of the foot (Fig. 148, 2), and the mantle- 
cavity thus becomes divided into two chambers. Into the ven- 
tral chamber the inhalent siphon opens, and the water which 
enters by it passes through the openings left between the 
filaments and so reaches the interlamellar spaces which com- 
municate above with the dorsal or suprabranchial chamber 
(sbr), whence it passes to the exterior through the exhalent 
siphon. In the region of the foot the suprabranchial cham- 
ber is of course divided into two portions, one of which lies 
on each side of the base of the foot, and each of these is again 
divided longitudinally into an inner and an outer portion by 
the line attachment of the gills to what may be considered 
the roof of the mantle-cavity. Behind the foot the inner cavities 
of the two sides unite and in some forms open ventrally into 
the mantle-cavity proper ; in others, however, the inner lamella 
of the inner gill-plates fuse with one another along the middle 
line so that a distinct partition, formed by the gills, sepa- 
rates the suprabranchial chamber from the ventral mantle- 
chamber throughout its entire length. In a few forms, such 
as Cuspidaria, the gills become reduced to simple muscular 
partitions perforated by pores and separating the two cham- 
bers, practically all indication of the original ctenidium 
characters having disappeared. 

The muscular system of the Pelecypoda reaches a some- 
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what extensive development in connection with the presence 
of the bivalved shell. The mantle-folds are as a rule some- 
what richly provided with muscle-fibres especially near the 
margin; and where siphons are developed some of the fibres 
are specialized into retractors for these organs. For the closure 
of the shell-valves, however, more extensive muscular bands are 
present which seem, like the siphonal retractors, to be special- 
ized portions of the mantle musculature. Of these shell- 
adductors there may be one, as in Ostrea and Pecten, or two, as in 
Anodon (Fig. 149, aa and pa), which pass transversely across 
the body from one shell-valve to the other, in the form of 
stout compact muscular bands. In connection with the foot 
special bands are also developed which function as protrac- 
tors ( pp), retractors (rp), and elevators arranged in pairs and 
extending from the inner surfaces of the shell-valves to spread 
out below in the foot. These various bundles seem to cor- 
respond to the spindle-muscle of the Gasteropods. 

The celom presents an arrangement similar to that of 
other Mollusca, both schizoccelic and enteroccelic portions 
being distinguishable. To the former portion belong the 
numerous lacunar spaces which traverse the body and mantle- 
folds, and to the latter the pericardial cavity (Fig. 149, p) and 
the cavity of the reproductive glands. The blood-vascular 
system consists of a heart provided with two lateral auricles 
and lying in the pericardium. In the majority of forms the ven- 
tricle (v) seems to be traversed by the terminal portion of the 
digestive tract, a condition produced by its having folded itself 
longitudinally around the rectum, and which recalls what 
occurs in certain Diotocardiate Gasteropods (see p. 305). This 
arrangement does not, however, obtain in all forms, some of 
the more primitive (Nucwla, Arca) having the ventricle 
entirely dorsal to the intestine, as it is in the Amphineura, for 
example, while in a few others (Ostrea) it has assumed a 
secondary position ventral to the intestine. From both the 
anterior (ao) and posterior extremities of the ventricle arteries 
arise which, after branching a number of times, pour the blood 
into the schizoccelic lacunar system. Traversing this the 
venous blood is returned to a longitudinal sinus lying in the 
middle line of the body just below the pericardium (Fig. 


TYPE MOLLUSCA. 333 


148, B, s), whence the greater portion passes into the compli- 
cated network of the nephridia and thence to a blood-vessel, 
the branchial artery, running along the base of the gill of each 
side. After traversing the gill-filaments it becomes arterial 
and is returned to the branchial veins which run parallel to 
the branchial arteries and thence is returned to the auricles 
of the heart. 

The digestive tract has a much simpler structure than in 
the majority of the Mollusca, lacking all trace of a radula 
and muscular pharynx. On each side of the mouth are two 
usually triangular plates, the so-called labial palps, the upper- 
most of which meet above the mouth forming a sort of upper 
lip, while the lower ones similarly form a lower lip. At the 
bottom of the space separating the two palps of each side is 
a groove which, starting at the sides of the mouth, runs back- 
wards along the sides of the body to the gills. This groove 
serves for the conduction to the mouth of the particles of food 
brought into the mantle-cavity by the action of the cilia of 
the gills, the food of the Pelecypods consisting of diatoms 
and other minute organisms capable of being captured in this 
manner. The esophagus opens into a stomach (Fig. 149, s) 
which receives by numerous openings the secretion of the 
usually voluminous digestive gland (J), the so-called liver, and 
passes posteriorly into the intestine (7), which, usually in sev- 
eral convolutions, lies imbedded in the tissues of the base of 
the foot. In the wall of the anterior portion of the intestine 
is a groove, frequently converted into a canal, which may 
open into the stomach by an independent opening; the epi- 
thelium of this groove or canal secretes a substance which 
forms a transparent glass-like rod lying in the canal and pyro- 
jecting into the lumen of the intestine. The function of this 
crystalline style, as it is termed, has been the subject of much 
speculation, the most plausible theory being that the secre- 
tion serves to surround sharp-edged particles of sand or simi- 
lar substances, taken into the intestine with food, with a jelly- 
like coating which will prevent them from injuring the delicate 
walls of the intestine. Towards its posterior end the intes- 
tine bends upwards, i.e. dorsally, to a point in front of the heart 
and then passes directly backwards to terminate in the anus 
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(a) which opens into the suprabranchial chamber (sbr) in the 
vicinity of the exhalent siphon. The relations of this rectum 
to the heart have already been noted (p. 332). 

The nervous system of the Pelecypoda differs somewhat 
apparently from that of the Gasteropods, a smaller number 
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Fie. 149.—StRucturgE oF Anodon. 


@ = anus. np’ = nephridial opening into supra- 
aa = anterior adductor. branchial chamber. 
ao = aorta. p = pericardial cavity. 
br = gill. pa = posterior adductor. 
cg = cerebral ganglion. pg = pedal ganglion. 
eo = exhalent orifice of siphon. pp = protractor pedis. 
Sf = foot. r = reproductive organ. 
go = genital orifice. rp = retractor pedis. 
¢ = intestine. s = stomach. 
zo = inhalent orifice of siphon. sbr = suprabranchial chamber. 
t = liver. sh = shell. 
m = mantle. » = ventricle. 
ne = nephridium. vt = visceral ganglion. 


np'= nephridial opening into pericar- 
dial cavity. 


of ganglia being discernible. Above the cesophagus a short 
distance behind the mouth is on either side a well-marked 
ganglion (Fig. 149, cg) connected with its fellow of the oppo- 
site side by a transverse commissure. In the more primitive 
forms (Nucula) two ganglia are found on either side, of which 
one evidently corresponds to the cerebral and the other to the 
pleural ganglion of the Gasteropods. Where, therefore, asin 
the majority of the Pelecypods, buta single ganglion occurs on 
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each side, it is to be regarded as a cerebro-pleural ganglion. 

From each of these a pedal connective passes downwards into 

the-foot to terminate in a paired pedal ganglion (pg), and a 

second strong connective passes backwards on each side of 

the base of the foot to terminate in a large ganglion (vi), sit 
uated below the rectal portion of the intestine and frequently 

in close proximity to the posterior adductor muscle, and which 

from its relations is evidently to be regarded as representing 

both the parietal and the visceral ganglia of the Gasteropods 

and hence may be termed the viscero-parietal ganglion. 

The sense-organs are of essentially the same nature as in 
the Gasteropods. Tactile cells exist scattered over the sur- 
face of the body, and are especially numerous in certain lo- 
calities, as upon the siphons when these are present. A pair 
of osphradia are also present situated above the viscero-parie- 
tal ganglion close to the insertion of the bases of the gill- 
plates into the side of the body ; and imbedded in the tissues 
of the foot, usually in close proximity to the pedal ganglia, 
though innervated by the cerebro-pleural, are a pair of oto- 
cysts having the usual structure (see p. 283). In a number of 
forms paired elevations, evidently of a sensory nature, have 
been found in the neighborhood of the inner ends of the 
siphons, or on the sides of the body a little in front of the 
anus; the function of these is doubtful, though it has been 
suggested that they are olfactory. 

Eyes are present in a number of forms and present various 
degrees of complexity. In some cases a perception of sudden 
variations in the intensity of light is present, as in the siphons 
of some forms, without any distinct optic sense-organs being 
developed. Sensory and pigment cells are present, however, 
and may be regarded as forming a diffuse optic organ. No 
eyes occur upon the head, nor are tentacles developed in any 
of the Pelecypods, but large numbers of eyes are developed 
upon the edge of the mantle of many forms, such as Pecten 
and Spondylus. These eyes may be simple depressions of the 
mantle-margin, the bottom of the depression being lined with 
pigmented and sensory cells, a cuticle of varying thickness cov- 
ering this retinal surface. Another form of eye (Fig. 150) also 
occurs upon tentacular processes which presents an arrange- 
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ment unusual for Invertebrates. The extremity of the pro- 
cess 1s occupied by a number of clear transparent cells which 
serve as a cornea (co) and which are continuous with a zone of 
pigmented cells (pg) analogous to an iris, and which pass grad- 
ually over into ordinary ectodermal cells. Upon the inner 
surface of the cornea is a mass of transparent cells constitut- 
ing a lens (J), and below this lies the sensory portion of the 
eye. The optic nerve as it comes towards the eye branches; 
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Fig. 150.—Eyr or Pecten (modified slightly from Parte). 
co = cornea. op, op’ = optic nerve. 
¢ = lens. pg = pigment-cells. 
ta = blood-lacuna. rt = retina. 


tw = tapetum lucidum. 


one branch (op’), passing to one side of the eye, bends inwards 
towards the axis of the eye between the retina-cells (rt) and 
the lens. The sensory portion of the eye consequently is in- 
verted, the retina-cells being turned away from the light which 
must pass through the fibres of the optic nerve to reach them. 
Below the retina and separated from it by a space is a layer 
of tissue, the tapetum lucidum (tl), which serves as a reflector 
and gives the metallic lustre which is characteristic of the 
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eye of Pecten, and below this again comes a pigment-layer 
(pg). 

In a small number of forms, e.g. Arca, peculiar compound 
eyes are also found on the edge of the mantle. They form 
slight rounded elevations and consist of a number of conical 
retinal cells, each surrounded by a sheath of six cylindrical 
pigment-cells. Each of these groups of retinal and pigment 
cells is known as an ommatidium and is separated from the © 
adjoining ones by slender intermediate cells, so that on sur- 
face view the composite character of the eye is very distinct. 

The nephridia (Fig. 149, ne) of the Pelecypoda are always 
paired, and each consists of a tube bent upon itself lying im- 
mediately beneath the pericardial cavity into which one of 
the limbs opens (np'), while the other communicates with the 
suprabranchial chamber (np’), and so with the exterior. In 
the simplest forms the entire extent of both limbs is glandu- 
lar, but in the majority the limb which opens to the exterior 
loses its glandular character and surrounds to a certain ex- 
tent the glandular or proximal limb. In addition to these 
nephridia, frequently known as the organs of Bojanus, peri- 
cardial glands are of common occurrence in all but the 
simplest Pelecypods, and apparently assist the nephridia in 
their excretory function. They are known also as Keber’s 
organs and consist either of outpouchings of the anterior 
portion of the pericardial wall into the space between the 
two walls of the mantle (Unio, Venus) or of similar evagina- 
tions of the walls of the auricles into the pericardial cavity 
(Mytilus), both methods of formation usually being associated. 

The reproductive organs (Fig. 149, r) are paired, lying usu- 
ally in the tissue forming the base of the foot, though extend- 
ing in some cases into the lacunar spaces between the walls 
of the mantle (Mytilus). They are very richly branched and 
usually contain in any one individual only ova or sperma- 
tozoa, as the case may be, though a number of forms are 
hermaphrodite—such, for example, as the members of the 
genus Cyclas and some species of the genera Ostrea and 
Pecten. The ducts which convey the reproductive elements 
to the exterior open into the nephridia near their proximal 
ends in Nucula and a few other primitive genera, but more 
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usually open directly into the suprabranchial chamber quite 
near the openings of the nephridia (Fig. 149, go) ; conditions 
connecting these two extremes are to be found, as in Pecten, 
where the reproductive ducts communicate with the nephridia 
near their distal ends, and in Cyclas and Ostrea, where both 
nephridial and reproductive openings are contained in a 
common groove. No complex accessory structures are de- 
veloped in connection with the reproductive organs, as in 
some of the Gasteropods, nor is there an intromittent organ 
in the male, the ova and spermatozoa being usually extruded 
to the exterior, where fertilization takes place, or else the ova 
pass from the suprabranchial chamber into the interlamellar 
spaces of the gill-plates and are fertilized there. 

The structure of the gills forms a suitable character for a 
classification of the Pelecypoda. 


1. Order Protobranchia. 


The gill is a true ctenidium attached by its axis to the 
roof of the mantle-cavity in its posterior part. In addition to 


Fie. 151.—Nuecula nucleus For tHE Lert SIDE AFTER THE REMOVAL OF 
THE Lerr SHELL AND LEFT MANTLE-LOBE (after PELSENEER). 


aa = anterior adductor. SF = foot. 

ar = anterior retractor pedis. g = reproductive organ. 
e = ctenidium. p = labial palp. 

ep = levator pedis. pa = posterior adductor. 


pr = posterior retractor. 


this primitive feature the foot has a creeping surface, the 
pleural ganglia are not completely united with the cerebral, 
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and the reproductive ducts communicate with the proximal 
portion of the nephridia. To this order, which represents the 
most primitive Pelecypods, belong the genera Nucula (Fig. 
151), Yoldia, and others. 


2. Order Filibranchia. 


In this group the gill-filaments have elongated consider- 
ably and commenced to bend upwards at their ends to form 
the outer and inner lamellae (Anomia; Mytilus, Modiolaria, the 
mussels ; Arca). 


3. Order Pseudolamellibranchia. 


In this the gill-filaments show a tendency to become 
united together and the inner and outer lamelle are united 
(Pecten, the Scallop; Ostrea, the Oyster). 


4. Order Eulamellibranchia, 


In which the gill-filaments are united to form continuous 
lamelle. To this order belong the majority of forms, such 
as the fresh-water mussels Unio and Anodon, the small fresh- 
water Cyclas, the hard-shell clam or Quahog Venus, the soft- 
shell clam J/ya, the razor-shell Lnsatella, the boring-shell 
Pholas, the ship-worm Teredo, and a very large number of 
other genera. 


5. Order Septibranchia. 


A small group in which the gills are reduced to a muscu- 
lar perforated septum dividing the suprabranchial chamber 
from the more ventral mantle-chamber (Cuspidaria), 


Development and Affinities of the Pelecypoda.—The larva which is 
characteristic of the Pelecypods resembles a Trochophore very closely in- 
deed and may be described as a Trochophore provided with a bivalved 
shell. In certain forms the characteristic ciliary bands may, however, 
be very much reduced, and in the fresh-water mussels (Unio, Anodon) 
a remarkable secondary larva known as the Glochidiwm is developed. 
The ova undergo their development in the interlamellar spaces of the gill 
plates, and the shell-valves assume a somewhat triangular shape, the apex 
usually constituting a somewhat curved tooth, while smaller teeth may 
also be present on the edges. Each mantle-lobe is provided with four 
tactile papillae on each side, the slightest stimulation of which causes the 
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undoubtedly homologous with the nephridia of the Chetop- 
oda, possessing the same relations. In a few forms (Bonellia, 
Phascolion) a single nephridium only is present. In addition 
to these in Achiurus, Thalassema, and allied genera there is a 
usually much-branched organ on either side lying in the body- 
cavity and opening into the terminal portion of the intestine. 
Numerous ciliated funnels occur upon the branches placing 
the organ in communication with the body-cavity. This so- 
called “ respiratory tree” (so named from a supposed homol- 
ogy with the similarly named organs of the Holothuria (q. v.) 
are probably nephridia, though whether or not they per- 
form excretory functions is not quite clear. In Priapulus 
these organs are represented by branched tubes, the branches 
of which terminate blindly in flame-cells, resembling thus the 
excretory organs of the Platyhelminths, and in Sipunculus 
rudiments of these organs have been described as short tubes. 

The Gephyrea are bisexual, the reproductive organs (ov) 
forming small digitate, elongate, or ovoid processes arising 
from the peritoneal lining of the body-cavity; but in some 
forms (Sipunculus) their products early escape into the ca- 
lomic cavity, in which they float. The exact manner in which 
the ova and spermatozoa escape to the exterior has not been 
definitely ascertained for the majority of forms, but it seems 
probable that the nephridia serve as the generative ducts. 
In Priapulus the “respiratory trees” are said to give rise tu 
the reproductive organs, and also to serve as the reproductive 
ducts—a behavior which would render exceedingly probable 
the supposition that they are modified nephridia. 

Two orders are recognizable in the Gephyrea. 


1. Order Echiuree. 


The Echiurex, sometimes known as the Gephyrea armata, 
are characterized by the presence on the ventral surface of 
the body, in front of the openings of the nephridia, of a pair 
of setee—the genus Echiurus possessing, in addition to these, 
two circles of sete at the posterior extremity of the body. 
The anus is terminal in all the known species, and the ter- 
minal portion of the intestine has opening into it the 
branched respiratory trees. The anterior end of the body is 
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prolonged into a prostomium of considerable size overlying 
the mouth; it may be short and broad as in Hchiurus, more 
elongated and slender as in Thalassema, or deeply bifurcated 
at the extremity as in Bonellia. 


Fig. 110.—Bonellia viridis A, ADULT FEMALE OPENED 80 AS TO SHOW THE 
PRINCIPAL OrG@ANS; B, male much enlarged in proportion to the female 
(trom Heztwie). 


¢ = cloaca. m = muscles. 

d = rudimentary intestine. 8 = proboscis. 

g = respiratory trees. s (in Fig. B) = spermatozoa. 
t = intestine. od = vas deferens. 


uw = single nephridium which serves also as the oviduct. 


The last-named genus is interesting as affording an exam- 
ple of sexual dimorphism, the males being small Turbellarian- 
like organisms which live parasitically in the anterior portion 
of the digestive tract of the female, only coming to the exterior 
for the purpose of copulation. 


2. Order Sipunculacea, 


The Sipunculacea, to which the term Gephyrea inermes is 
also applied, is an order including forms which lack all traces 
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organs of prehension. A second portion of the foot lies in 
the neck region on the ventral surface and has the form of 
two folds (st), whose edges may be approximated or even fused 
to form a tube, through which the water contained in the 
mantle-cavity may be violently expelled, the animal being 
thereby propelled through the water in a direction of their 
long dorso-ventral axis. This portion of the foot is termed 
the funnel and is perhaps equivalent to the epipodium of the 
Gasteropods. In the majority of forms there projects into 
the lumen of the funnel a fold (v) arising from the body-wall 
and termed the valve of the funnel. It is probably homolo- 
gous with the posterior portion of the foot, the metapodium, 
of the Gasteropoda, so that all portions of the Gasteropod 
foot are represented in the Cephalopods, the propodium and 
mesopodium by the arm-bearing portion, the metapodium by 
the valve just mentioned, and the epipodium by the funnel. 
In many forms two depressions are to be found on the outer 
surface of the funnel, which receive two corresponding eleva- 
tions on the inner surface of the mantle, which thus becomes 
locked as it were to the funnel during the expulsion of water 
from the mantle-cavity. 

The mantle (m) forms a circular fold surrounding the vis- 
ceral hump, but upon the anterior surface it has usually only 
a very slight development, while posteriorly there is a wide 
space, the mantle-cavity (mc), between it and the body-wall. 
Within this space lie the ctenidia (ct), and into it the nephri- 
dia (ne) and the digestive tract open, the excreta being ex- 
pelled from it during the expulsion of water from the funnel. 
The mantle-fold is rather thick as a rule, owing to the pres- 
ence in it of abundant muscle-fibres, by the contraction of 
which the mantle-cavity may be considerably reduced in size, 
and frequently there is a special muscular thickening around 
the edge of the mantle whereby the mouth of the cavity, 
widely open during the intaking of water, may be firmly ap- 
pressed upon the funnel during the expulsive act. In the 
majority of Cephalopods the integument covering the outer 
surface of the mantle and of the visceral hump is provided 
with abundant pigment-cells or chromatophores each of 
which is provided with a muscular arrangement by which its 
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size may be rapidly diminished, remarkable flushes of color 
passing over the surface of the living animal. 

In the Nautilus (Fig. 160) a chambered calcareous shell is 
present having a rather complicated structure which will be 
described later, and in one or two other living forms, such 
as Argonauta and Spirula, an external shell also exists, but 
in the majority of forms the edges of the mantle close over 
the shell, which thus becomes internal and takes the form of a 
plate lying along the anterior surface of the body, being some- 
times calcareous as in the common Cuttlefish bone of com- 
merce obtained from the Sepia (Fig. 152, sh), or else chitinous 
as in the common Squid, ZLoligo. In connection with the 
mantle there are also frequently developed finlike expansions 
with a cartilaginous support and provided with muscles, 
sometimes running along the sides of the visceral hump or 
in other cases situated near its dorsal extremity. 

The respiratory organs or ctenidia (Fig. 154, ct) are present 
as either one or two (Nautilus) pairs of pinnate structures 
lying in the mantle-cavity. Hach consists of a central 
axis attached throughout its entire length to the body-wall, 
forming a rather high ridge upon it and containing near its 
outer edge two blood-vessels running throughout its entire 
length. The vessel nearer the summit of the ridge is the 
branchial vein carrying the aérated blood back to the body, 
and between it and the branchial artery is a cavity or canal 
which communicates with the mantle-cavity between each 
pair of branchial pinne. These structures arise from near 
the free edge of the axial ridge, but each is bound to the ridge 
by a thin triangular membrane so that they possess the form 
of lamelle rather than of pinne. Near the line of attachment 
of the axial ridge to the body-wall is a cord of cellular tissue 
richly supplied with blood coming from the branchial artery, 
forming what is termed a blood-gland, from which the blood 
is collected into two longitudinal canals which conduct it back 
to the heart. 

The ccelom of the Cephalopods is characterized by the 
great development of the pericardial cavity (Fig. 153, pe), 
which recalls the condition found in the Amphineura, and 
may perhaps be better termed the viscero-pericardial cavity. 
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In the majority of forms it is a large sac occupying a con- 
siderable portion of the apex of the visceral hump and ex- 


Fig. 153.—Diacram oF Bopy cavity oF Sepia (after GROBBEN). 


bh = branchial heart. od = oviduct. 

f = funnel. Ov = ovary. 

go = reproductive opening into celom. p = pancreas. 

HT = heart. pa = partition partially dividing cc- 
z = intestine. lom. 

Ib = ink-bag. pe = celom. 
i = liver. 8 = stomach. 

id = liver-duct. Sh = shell. 

me = mantle cavity. u = external opening of nephridium. 


NV = nephridium. U' = opening of nephridium into cos. 


lom. 


tending ventrally a considerable distance, the more ventral 
portion being incompletely separated from the more capacioug 
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dorsal portion by a transverse fold or partial partition (pa). 
In Nautilus itis placed in direct communication with the man- 
tle-cavity by two minute pores, but in other forms such direct 
communications do not occur. With a ventral prolongation 
of the ventral cavity the nephridia (V) communicate, and the 
walls of the cavity fold themselves around the heart (#) in 
the usual manner, and in addition also enclose the branchial 
hearts (6h), becoming thickened and considerably folded in 
this region so as to form the so-called appendages of the 
branchial hearts, which are homologous with the pericardial . 
glands of the Lamellibranchs. The wall of the dorsal cavity 
is in a similar manner folded over the viscera present in that 
region, and more or less completely encloses the reproductive 
organs (ov) so as to form around them a capsule, sometimes 
with muscular walls, into the cavity of which the reproduc- 
tive elements are shed when mature. In one group of Ce- 
phalopods, however, the Octopoda, the arrangement departs 
slightly from this owing to the reduction of the viscero-peri- 
cardial cavity to a number of comparatively small canals 
which constitute the so-called water vascular canals of the 
older authors. Three of these canals are found on either side 
of the body, meeting together in a common centre, the ne- 
phridia communicating with one, another passing to the 
branchial heart of its side to form the pericardial gland, while 
the third extends dorsally to dilate with its fellow of the 
opposite side into the capsule surrounding the reproductive 
organs (Fig. 158, we). The general relationships of these 
canals are evidently comparable with those of the viscero- 
pericardial cavity of the majority of the Cephalopods, but 
they differ in one very marked peculiarity, ie., the heart is 
not enclosed within their lumen. The tubelike condition of 
the cavity is evidently a secondary condition, and the exclu- 
sion of the heart can be understood as a result of the diminu- 
tion of the extent of the cavity, when the manner in which it 
is enclosed, as exemplified by the Solenogastres, is considered. 
The schizoccelic portion of the ccelom takes the form partly | 
of lacunar spaces, but partly of blood-vessels with definite 
walls. To a certain extent the blood system is completely 
closed, an unusual condition among Mollusca; well-defined 
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veins return the blood carried by the arteries to various por- 
tions of the body, definite capillaries connecting the two sets 
of vessels. A lacunar system also exists, however, so that, 
while showing a much greater differentiation than the other 
Mollusca, the Cephalopods yet retain indications of the more 
primitive arrangement. 

The heart consists of a tubular ventricle (Fig. 154, »), 
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ao = anterior aorta. to = lateral vein. 

ao’ = abdominal aorta. ne = excretory appendage. 
au = auricle. pg = pericardial gland. 

bh = branchial heart. © = ventricle. 

ct = ctenidium. va = abdominal vein. 


ve = cephalic vein. 


though in the Octopoda it is transverse, and has opening into 
it at each side one or two (Nautilus) auricles (au) which re- 
ceive the blood from the branchiz (ct). Two principal arte- 
ries arise from the ventricle, a larger one running ventrally 
(ao), and a smaller one which runs towards the tip of Hye 
visceral hump and supplies the viscera of that region (ao’). 
As already stated, these arteries pass into a fine capillary net. 
work from which the veins arise, sinuses, however, interyey- 
ing in some cases in the course of the latter, and Possibly 
some arterial branches may terminate in such sinuses. The 
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principal venous trunk is the cephalic vein (vc), which lies on 
the posterior side of the cesophagus, and passing dorsally 
divides into two branches, the vene cave, with each of which 
an abdominal vein (va) unites, the conjoined trunk on each 
side passing into a contractile dilatation, the branchial heart 
(bh), at the base of the ctenidium of thatside. The ven cave 
and the abdominal veins are covered by .a much-folded mass 
of tissue, the venous appendages (ne), which are portions of 
the nephridia and will be considered in the description of 
those organs. Mention may also be made here of the peri- 
cardial glands (pg) attached to the branchial hearts, which 
have already been described in connection with the viscero- 
pericardial cavity. 

Slight variations from the arrangement here described 
may be found in various forms, of which the most important 
is that found in Nautilus, in which, in accordance with the 
presence of two pairs of ctenidia, each vena cava divides into 
two branches, one passing to each ctenidium. No branchial 
hearts occur, and, as has been already mentioned, the ventri- 
cle has opening into it two pairs of auricles instead of the 
single pair usually present. 

In the mesodermal tissue of the Cephalopods in various 
portions of the body there are developed plates and nodules 
of a consistency resembling cartilage and like it consisting of 
a hyaline or partly fibrous matrix through which numerous 
cells with branching processes are scattered. These cartilagi- 
nous structures resemble the tissue which is developed in the 
pharynx of the Gasteropods below the radula, but reach a 
much more extensive development in the Cephalopods, serving 
as a protection for some of the more important organs, and 
also as a point d’apput for the various muscles, and therefore 
constituting a true endoskeleton. In the Nautilus there is but 
a single cartilage which lies on the posterior surface of the 
cesophagus, being deeply grooved for the reception of the 
brain and optic ganglia. In other forms, however, the carti- 
lages are more numerous. There is a well-developed cephalic 
cartilage forming a deeply-concave disk perforated by the 
oesophagus, and partially enclosing the brain, being also ex- 
panded at the sides and hollowed out so as to form a support 
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for the eyes, which are further covered by a pair of plates 
which project anteriorly and laterally from the anterior margin 
of the disk. At the base of the arms a brachial cartilage, 
sometimes united with the cephalic mass, is found which 
serves for the origin of the brachial musculature, and further- 
more a nuchal plate is present lying below the anterior sur- 
face of the body just behind the head. In connection with 
the infundibulum plates and nodules are developed, the most 
important of which is the infundibular cartilage on the pos- 
terior (strictly speaking the ventral) surface of the body in 
the floor of infundibulum, nodules being found below the de- 
pressions on the side of the infundibulum and the corre- 
sponding elevations of the mantle which have already been 
described as interlocking during the expulsion of water 
through the funnel. Finally, it may be mentioned that the 
centre of each fin is occupied by a cartilaginous plate which 
serves for the origin of the muscles which move the fin. 

In harmony with the peculiar modification of the foot 
there is a considerable amount of differentiation of special 
muscles in the Cephalopods, which pass from cartilage to 
cartilage or from the shell to the various cartilages. Leaving 
aside the general musculature of the mantle and of the arms, 
mention may be made of the three or four strong retractor 
muscles, which pass from the shell to the cephalic cartilage 
and are sometimes fused together to form a single strong 
muscle which serves to retract the head; the collaris, which 
runs on either side of the neck from the infundibular cartilage 
to be inserted into the sides of the nuchal cartilage ; and 
finally the adductors and depressor of the funnel, which pass 
respectively from the cephalic cartilage and the shell to be 
inserted into the infundibular cartilage. Considerable varia- 
tion is to be found in the arrangement of muscles in various 
forms, but the typical arrangement may be regarded as being 
somewhat as described. 

Like the other organs the digestive system presents a con- 
siderable amount of differentiation. The mouth opens in the 
centre of the disk which bears the arms or tentaculiferous 

‘lobes, and is guarded by two strong chitinous or partly calea- 
reous (Nautilus) jaws resembling in form the beak of a parrot. 
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It leads into a muscular pharynx (Fig. 152, b), upon the floor 
of which lies the characteristic molluscan radula, while into 
its cavity the ducts of one or two pairs of salivary glands 
open. Succeeding the pharynx is a tubular cesophagus (@) 
which in some forms is provided with a lateral diverticulum, 
the crop, and which terminates below in the large pyriform 
stomach (s). The intestine leaves the stomach close to the 
entrance of the cesophagus, and a pouchlike structure, in some 
forms prolonged into a spiral czcum (ce), is to be found - 
either communicating with the stomach close to this point or 
else opening into the proximal portion of the intestine (Nauti- 
lus). Into this cecum the two ducts from the large digestive 
glands, or so-called liver, open, their walls being in the ma- 
jority of cases provided with sacculations arranged in bunches 
and constituting the pancreas, a structure which in oligo 
(Fig. 153, p) is imbedded in the thickened walls of the ducts or 
else, as in Octopus, attached to the digestive gland in the region 
where its ducts arise. From its origin in the stomach the 
intestine passes ventrally, the entire tract having thus a 
V-shaped arrangement, and opens into the mautle-cavity on 
the summit of a papilla situated a short distance from the 
dorsal end of the infundibulum. From each side of the anal 
papilla a fleshy appendage arises, the anal valve, which in 
some forms may be drawn down so as to completely close the 
anal opening. 

In connection with the posterior portion of the digestive 
tract there is found in all Cephalopods except Nautilus a sac- 
like gland (Fig. 152, 7) which secretes a dark pigment and is 
known as the ink-bag, the animal discharging the ink into 
the surrounding water to conceal its retreat when alarmed. 
It arises as a saclike diverticulum of the rectum close to its 
termination and, elongating, becomes differentiated into a duct 
of considerable length opening into the terminal portion of 
the rectum and closed by a circular band of muscle-fibres 
which surround it near its opening. The more or less globu- 
lar extremity of the diverticulum becomes differentiated into 
(1) a cavity which serves as a reservoir for the inky secretion 
manufactured in (2) a special glandular region, traversed by a 
series of trabecule lined by the secreting cells. 
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The nervous system of the Cephalopods shows a high 
degree of concentration, the various ganglia being more or less 
fused with one another to form a mass surrounding the ceso- 
phagus just behind the pharyngeal mass. In JVautilus this 
mass takes the form of two rings surrounding the cesophagus, 
united in front but widely divergent behind, and in which the 
various ganglia are but indistinctly indicated, the condition 
which occurs in Chiton in this respect being recalled. That 
portion of the ring which lies in front of the esophagus rep- 
resents the cerebral ganglia; the 
lateral portions of the more ventral 
of the two rings found on the pos- 
terior surface are the pedal ganglia, 
giving rise to the nerves to the pedal 
lobes and the infundibulum ; while 
the more dorsal posterior ring rep- 
resents the combined visceral, pa- 
rietal, and pleural ganglia. In other 
forms the ganglia become more 
Hie. 168 —Nwadous Canenia perfectly marked off and at the same 

or (A) Loligo and (B) Octopus time more concentrated. A cerebral 
(after PetsenesR). ganglion (Fig. 155, c) is always dis- 
oS eee ee tinguishable, and with it are con- 
¢ = cerebral ganglion. Z _ 
p = pedal ganglion. nected pleuro-parieto-visceral (pl 
p' = brachial ganglion. and v) and pedal (p and p’) ganglia; 
op = optic ganglion. the latter, however, are usually divi- 
0 = pleuro- parieto - visceral oq into two portions—a more ven- - 
oe tral mass (p’) which sends branches 
to the armlike prolongations of the pro- and mesopodium and 
whichis hence termed the brachial ganglion, and a more dorsal 
one (p) which supplies the infundibulum and is known as the 
pedal ganglion proper. A study of a number of different 
forms shows clearly that the brachial ganglion is merely a 
separated portion of the pedal, and that the arms are to be con- 
sidered portions of the foot and are not cephalic appendages. 
At the sides of the cerebral ganglia there are to be found a 
pair of large ganglia (op) which stand in relation to the eye and 
are termed the optic ganglia; they are undoubtedly spe- 
cializations of the cerebral ganglia, owing their separate exist. 
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ence to the remarkable development and differentiation of 
the eye which is found in the majority of the Cephalopods. 

A sympathetic system of nerves is well developed and con- 
sists of one or two pairs of buccal ganglia (0) innervating the 
large pharyngeal mass and united to the cerebral ganglia by 
connectives and giving rise to a strong nerve which runs 
dorsally along the cesophagus to end in a large gastric 
ganglion from which nerves pass to the viscera. Mention 
should also be made of two other ganglia, the ganglia stellata, 
which belong to the central system and are situated in the 
lateral portions of the mantle, being united with the pleuro- | 
visceral ganglia by strong nerves; they correspond probably 
with the parietal ganglia of the Gasteropods, sending branches 
to the tissues of the mantle. 

The special sense-organs are exceedingly well developed, 
and especially is this the case with the eyes. In Nautilus, 
however, the eye (Fig. 156, 4) stands on a much lower grade 


ee ee 


Fig. 156.—A, Eye of Nautilus (modified from Hansen); and B, of Loligo. 


¢ = cartilage. 2 = lens. 

co = cornea. nm = nerve-layer. 

g = layer of ganglion-cells. op = optic nerve and retinal ganglion. 
iy = iris, pg = pigment-layer. 


r = layer of rods. 


of organization than that of the other Cephalopods, con- 
sisting of a cup lined by a retina composed of several 
layers and richly supplied with nerves. The outermost 
layer consists of rodlike bodies (r) below which is a 
layer of pigment (pg), below which again lies a layer of 
ganglion-cells (g). No refractive structures are, however, 
present, the cavity of the cup communicating freely with the 


352 INVERTEBRATE MORPHOLOGY. 


external water through a small circular opening in the front 
flattened wall of the cup. The eye is a camera constructed on 
the “ pin-hole” type, the image being defined by the exclusion 
of all the more divergent rays of light which pass in from the 
object towards the eye. 

In the remaining forms the eyes (Fig. 156, B) are large 
globes imbedded in an orbit formed by the lateral portions 
of the cephalic cartilage and its processes. The retinal por- 
tion of the eye closely resembles that of Vautilus, consisting 
of an external layer of rods (7) bounded beneath by a pigment- 
layer (pg) beneath which is a nerve-layer (n) enclosed within 
a connective tissue-sheath in which cartilage (c) is developed. 
The optic nerve dilates into a retinal ganglion before being 
distributed to the retina, the rods of which, it will be noted, 
are turned towards the source of light. The eye-cup differs, 
however, from that of Nautilus in being completely closed, 
and the cells which form the outer and inner layers of the 
outer wall of the cup secrete chitinous material which acts 
as a lens (J), forming a powerful biconvex condenser. In ad- 
dition to this the eye is further complicated by the develop- 
ment of a series of folds from the skin in its neighborhood. 
One such fold is developed from the front wall of the optic 
sac, surrounding the region occupied by the lens and form- 
ing an iris (ir), the circular opening in its centre correspond- 
ing to the pupil of the Vertebrate eye. A second likewise 
forms nearer the base of the optic sac and, growing forward, 
may enclose a space bounded behind by the iris and lens, 
resembling the anterior chamber of the Vertebrate eye, the 
portion of the fold immediately in front of the lens becoming 
transparent and forming a cornea (co). The anterior chamber 
is not, however, closed in all forms, but remains in communi- 
cation with the exterior by an aperture produced by a failure 
of the edges of the fold to unite completely. Finally, in some 
forms other folds, which from analogy have been termed eye- 
lids, develop. 

The resemblance of such an eye to that found in the Vertebrates is ex- 
ceedingly striking, but a detailed study of the structure and mode of origin 


of the various parts demonstrates conclusively that the similarities are ana- 
logical only and not homological. One of the most important of the differ- 
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ences is found in the arrangement of the layers of the retina, the rods being 
turned towards the light as is usual in Invertebrate eyes, while in the Verte- 
brates they are reversed, the nerve-fibre layer lying above them, the light 
of necessity penetrating it before reaching the rods. The structure of the 
lens is again very different, being cellular and formed as an invagination of 
the ectoderm in the Vertebrates, while in the Cephalopods it is a cuticular 
structure. These are fundamental differences and may suffice to show 
what is meant, but many other dissimilarities may readily be found. 

Otocysts also occur imbedded in a capsule forming part 
of the cephalic cartilage. They have the characteristic Mol- 
luscan form and receive a large nerve arising from the cere- 
bral ganglion. Osphradia occur only in Nawzlus, where they 
form a pair of sensory papille one of which lies at the base 
of each of the more ventral ctenidia. Other Cephalopods, 
though lacking these structures, are yet provided with special 
olfactory organs in the form of a pair of fosse or grooves 
lined by ciliated and sensory cells and situated above the eye 
in the position occupied by the eye-tentacles of Nautilus 
(see p. 358), from which they may possibly have been derived. 

The excretory organs consist of two comparatively large 
sac-like nephridia except in Navtilus, in which, in harmony 
with the number of ctenidia and auricles, there are four. In 
Octopus and the other members of the group Octopoda the 
two nephridia are quite separate from one another, but in the 
group Decapoda, to which Loligo and Sepia belong, they are 
placed in communication with one another by transverse 
canals one of which may be produced dorsally into a large 
sac occupying a great portion of the anterior region of the 
body. The vene cave and branchial veins lie between the 
walls of this anterior sac and the paired posterior nephridia, 
and along the course of the veins the walls of the excretory 
sacs are richly folded (Fig. 154, ne), constituting the venous 
appendages, for a long time considered to be the excretory 
organs in their entirety. The posterior paired nephridia 
present the same relations to the exterior and to the entero- 
coel which exist in other Mollusca, opening by two distinct 
apertures into the mantle-cavity on the one hand, and on the 
other communicating with the large enteroccel which has 
been shown to be the equivalent of the pericardial cavity of 
the Gasteropods and Pelecypods. 
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The reproductive organs are situated near the dorsal ex- 
tremity of the visceral hump. The sexes are always sepa- 
rated in different individuals, there being occasionally well- 
marked differences between the two sexes of the same species, 
as in Argonauta, the female of which possesses a well-devel- 
oped shell which the male lacks. The ovary (Fig. 157, ov) is 
single and is enclosed in a capsule (c) formed by the walls of 
the enteroccel or viscero-pericardial cavity, into which the 
organ seems to project, though morphologically it is entirely 
outside it. 

The germ-producing region is nearly always the anterior 
surface of the organ, the stalked ova surrounded by their 
follicle-cells projecting forward into the capsule, into the 
cavity of which, ie. into the viscero-pericardial cavity, they 
burst when mature. In some forms the germ-producing sur- 


CEN ov 


i 
Fig. 157.—FEMALE REPRODUCTIVE ORGANS OF T'remoctopus violaceus 
(after Brock). 


¢ = capsule. ov = ovary. 
od = oviduct. rs = seminal receptacle. 
og = oviducal gland. we = coelomic canal. 


face becomes more highly folded and more or less dendritic 
in form, the area over which the ova are formed becoming 
thus much greater. The ova reach the exterior after they 
have passed into the cavity of the capsule by means of one 
or two complicated ducts (od) opening into the mantle-cavity. 
In Nautilus two ducts are present, that of the left side, however, 
being non-functional, and in the Octopoda and some Decapods, 
such as Ommastrephes, both ducts are present. In other forms 
but a single duct persists, which, contrary to what occurs in 
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Nautilus, is that of the left side. The oviduct opens into the 
mantle-cavity at the extremity of a well-marked papilla, its 
terminal portion being richly supplied with glands, and in 
addition in some forms two small pear-shaped glands are 
attached to it in this region. In connection with the female 
duets:there should be mentioned a pair of glands which take 
part in the formation of the investments of the ova, but which 
open quite separate from the oviduct into the mantle-cavity. 
These are the nidamental glands which are present in the 
majority of forms, excluding the Octopoda, and consist of a 
pair of large pyriform structures lying on the posterior sur- 
face of the visceral mass; in connection with them in some 
forms are developed accessory nidamental glands consisting 
of a central and two lateral portions whose ducts open into 
the mantle-cavity in close proximity to those of the nidamen- 
tal glands proper. As stated, the gelatinous mass within 
which the ova are imbedded is probably manufactured by 
these glands. 

The testis in its general relations resembles the ovary, 
being single and enclosed in a capsule which isa portion of the 
viscero-pericardial cavity. The organ is attached to the wall 
of the capsule by a thin band of tissue and is in most cases 
almost completely surrounded by the capsule, into the cavity 
of which the spermatozoa are shed when mature. From the 
wall of the capsule the vas deferens arises and is usually a 
single tube opening upon the left side of the body into the 
mantle-cavity. In Nautilus there are, as in the female, two 
ducts, the right, however, being functionless, but in other 
forms a paired arrangement is very rare. The proximal por- 
tion of the duct is a coiled vas deferens, which opens into a 
thick-walled glandular seminal vesicle which on its part by 
means of a narrow duct passes into a saclike structure known 
as Needham’s pouch which finally passes into the muscular 
penis. In most forms the duct connecting the seminal vesicle 
with Needham’s pouch receives the secretion of a special gland 
known as the prostate. ; 

The majority of the accessory structures connected with 
the male ducts are concerned in the formation of cases or 
spermatophores in which a number of spermatozoa are en- 
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closed. Such cases are cylindrical structures with a double 
wall, and are provided at one extremity with a somewhat 
complicated apparatus for the ejection of the spermatozoa. 
The exact method of their formation is not understood, but 
apparently the seminal vesicles and the prostate play an im- 
portant part in the process, the Needham’s pouches being a 
reservoir in which they may be stored up until required for 
fertilization. 


Since the genital capsule is a portion of the viscero-pericardial cavity, 
and the reproductive ducts are continuations of its walls, these structures 
must also be regarded as prolongations of the enteroccel; and indeed second- 
ary communications may exist between them and the viscero-pericardial 
cavity proper. The genital capsule is not completely separated off from 
the rest of the enteroccel, so that it might be possible for the reproductive 
elements to pass from its cavity into the viscero-pericardial cavity proper, 
and so to the exterior through the nephridia, though this method of exit 
does not seem to be made use of. 

A remarkable modification of one of the armlike processes of the foot 
occurs in the males of certain species in connection with reproduction. 
The arm—in Tremoctopus and Philonewxis the third arm of the right side 
of the body counting from the anterior mid line, in Argonauta (Fig. 158) 


Fra. 158.—MAae or Argonauta with HecrocotytizeD ARM 
(after H. Mutier from Hatscuex). 


A = arm still enclosed within a membranous sac. 
B = arm freed from the sac. 


the third of the left side—is at first enclosed within a sac, by the 
bursting of which it becomes free, the walls of the sac being reflected 
back so as to form a pouch which in some unexplained manner receives a 
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spermatophore. The terminal portion of the arm, which is traversed 
throughout its entire length by a canal, is developed into a long terminal 
filament through which the spermatozoa may pass. During copulation 
the arm is probably thrown off and passes into the mantle-cavity of the 
female, the manner in which the spermatozoa reach the ova being, however, 
not yet understood. When first discovered in the mantle-cavity of a female 
the arm was regarded as a parasitic worm, and the name Hectocotylus was 
applied to it—a term which is still retained on account of its convenience. 
In other genera of Cephalopods one arm is generally peculiarly modified in 
the male—in the Decapoda usually the fourth of the left side and in the 
Octopoda usually the third of the right side, though frequent exceptions are 
found. This arm is termed the hectocotylized arm, though it is doubtful 
whether it takes any part in copulation. 


As will be seen from the above description the genus 
Nautilus differs in many important particulars from the re- 
maining genera of Cephalopods, and the class is therefore 
divided into two orders. 


1. Order Tetrabranchia. 


This order, of which the genus Nautilus (Fig. 159) is the 
sole living representative, was in former periods of the earth’s 
history the dominant group of the Cephalopods—the Ortho- 
cerites of the Paleozoic and the Ammonites of the Mesozoic 
being extinct members of it. It is characterized by its mem- 
bers possessing four ctenidia, four auricles to the heart, and four 
nephridia; and in addition there may be mentioned, as further 
peculiarities, the presence of paired reproductive ducts, of 
which the right one alone is functional, and also of direct 
communication of the viscero-pericardial cavity with the ex- 
terior by two pores, and by the occurrence of a single pair of 
osphradia. For a more detailed account of the peculiarities 
of Nautilus the preceding general description may be con- 
sulted. It remains to discuss here the shell and the structure 
of the foot-lobes—structures which, with the other characters 
mentioned, serve to distinguish Nautilus from all its living 
congeners. 

The shell is voluminous, coiled, and calcareous, its cavity 
being divided by a series of transverse partitions into a num- 
ber of chambers, in the last—that is to say, the youngest—of 
which the animal lives, while the remaining ones are filled with 
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gas. The centre of each partition is perforated, and: through 
the opening there extends to the tip of the shell a prolongation 
of the body of the animal, termed the sipuncle. 

The foot of Nautilus, or at least that portion of it which 
fuses with the head, has already been described as forming a 
number of tentaculiferous lobes. These lobes are arranged 
in the female in two series—one ventral, consisting of three 


Fria. 159.—Nautilus pompilius, —FEMALE. WITH THE SHELL SECTIONED LonGI- 
TUDINALLY TO SHOW ITS INTERNAL STRUCTURE (after Leunis from HERTWIG). 


1 = mantle. 7 = nidamental gland. 

2 = dorsal lobe of mantle. 8 = shell-muscle. 

3 = tentacles. 9 = terminal chamber of shell. 

4 = head-cap. 10 = partitions between the various 
5 = eye. chambers. 

6 = funnel. 11 = sipuncle. 


lobes which immediately abut upon the mouth, and a more 
dorsal ringlike lobe the anterior portion of which is de- 
veloped into a hood (4) which arches over and protects the re- 
tracted tentacles. Around the margins of both the ventral 
and dorsal lobes are arranged the tentacles, each of which 
is filiform and capable of being withdrawn into the basal por- 
tion, which thus serves as a sheath. In addition to these 
tentacles two other tentacles are found in close proximity to 
the eye, one being on its ventral side and the other on its 
dorsal. In the male the arrangement is very similar, except 
that the median lobe of the ventral series is transformed into 
a lamellated structure and does not bear tentacles, while a 
portion of each of the lateral lobes of the inner series is sepa. 
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rated from the rest of the lobe—that of the left side becoming 
modified into a conical structure, lamellated at the extremity 
and destitute of tentacles, forming what is termed the spadix, 
probably homologous with the hectocotylized arm of the 
male Octopods and Decapods. 


2. Order Dibranchia. 


The members of this order, which includes the majority . 
of living Cephalopods, possess but a single pair of ctenidia, 
nephridia, and auricles, and lack ; 
the direct communication of the 
viscero-pericardial cavity with the 
exterior as well as the osphradia 
which occur in Nautilus. The 
portion of the foot which is fused 
with the head is drawn out into 
a number of arms provided with 
suckers, which seem to represent 
the tentacles and their sheaths 
found in Nautilus. The suckers 
are very numerous and may bef 
arranged in from one to four rows Re 


arms, the margin of each sucker ee 
being in some forms strengthened | 
by a horny ring, which may be 
toothed. The number of the 
arms varies, being either eight 
or ten; and, since, other struc- 
tural differences are associated 
with this difference, the order 
may be divided into two suborders Fre. 160.—Lolégo pallida, Dorsat 
—the Octopeda with eight arms, ‘VIEW (after Emerton from VerRiLt). 
including the genera Octopus, Tremoctopus, and <Argonauta 
(Fig. 158), and the Decapoda with ten arms, the genera Spi- 
rula, Ommastrephes, Sepia, and Loligo (Fig. 160) belonging to 
this group. 

In the Decapoda the ten arms are not of equal size, one 
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on each side of the head, the fourth, counting from the ante- 
rior mid-line, being longer than the rest, usually destitute of 
suckers except towards the tip, and in most species kept 
retracted within a groove on each side of the head except 
when required for prehension. They are all good swimmers, 
and the body is elongated and provided with lateral fins of 
greater or less extent. 

A shell is present in the Decapoda, but shows a great 
reduction in size and complexity from that of the Tetra- 
branchiates ; and in order to understand its homologies in the 
different genera it will be necessary to obtain an idea of its 
form in the fossil members of the group which occur in the 
Mesozoic rocks forming the family Belemnitide. In the 
genus Belemnites (Fig. 161, B), for instance, the shell consisted 
of a terminal conical solid portion, termed the rostrum (r), 
the base of which was hollow and contained a chambered ' 
shell, the phragmacone (ph), corresponding to the Nautilus 
shell, the anterior portion of the last chamber of this being 
elongated into a broad flat process termed the prodstracon 
(pr). By various modifications of this structure the shells of 
the different living Decapods have been developed. In Spirula 
the shell is coiled into a spiral and is partly enclosed by the 
mantle, the rostral and proostracal portions having disap- 
peared. In all other forms the shell has a more or less flat- 
tened form and becomes completely enclosed within the 
mantle, folds of which grow up around it. In Sepia (Fig. 
161, A) the prodstracon becomes almost obliterated and the 
rostrum (r) is exceedingly small, the phragmacone (ph) form- 
ing the principal bulk of the shell. This, however, has become 
very much modified—that portion of it which lies posterior to 
the sipuncle (s) ceasing to develop, or rather becoming exceed- 
ingly compact by the various partitions lying in close con- 
tact with one another without any intervening air-chambers. 
These chambers are, however, developed in the portion ante- 
rior to the sipuncle, but are comparatively flat and traversed 
by calcareous spicules, so that the shell has a somewhat 
spongy appearance and is exceedingly light. In other forms, 
however, the prodstracon is the portion that persists, the 
rostrum and phragmacone both disappearing (Fig. 161, C), so 
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that finally nothing is left but a plate imbedded in the man. 
tle, formed entirely of chitinous material and destitute of any 
calcareous substance. This forms the so-called “pen” of 
such forms as Loligo and Ommastrephes (Fig. 161, D), a slight 
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Fig. 161.—D1acrams or SHELL or A, Sepia; B, Belemnites (fossil); C, Os- 
. tracoteuthis (fossil); and D, Ommastrephes (after Lane). 

ph = phragmocone. r = rostrum. 

‘pr = prodstracon. s = sipuncle. 
thickening of the dorsal end of it in some forms representing 
the remains of the phragmacone. 

In the Octopoda the eight arms are practically equal in 
length, and the body is more massive than in the Decapods 
and less suited for active swimming. The visceral hump is a 
more or less globular mass, destitute as a rule of lateral fins, 
and in all forms a shell comparable to that of the Decapods 
is wanting. In the females of Argonauta, however, a non- 
chambered calcareous shell is present, to which the body of 
the animal does not closely adhere, but which is held in posi- 
tion by the broad plate-like anterior arms which embrace it. 
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It seems to be a secretion of the ectoderm of the mantle and 
visceral hump, the anterior arms contributing only a thin 
external layer. 


Development and Affinities of the Cephalopods. —The ova of those 
Cephalopods which have been studied are richly provided with yolk, in 
consequence of which the development becomes considerably modified, 
definite traces of the Veliger condition being entirely lost. It seems clear, 
however, from the marked development of the head, the presence of a 
radula, and the general arrangement of the viscera, that the ancestry of the 
group is to be sought for among the primitive Gasteropods, but in forms 
more primitive than any existing forms. The symmetrical shape of the 
body and the character of the viscero-pericardial cavity suggests forms 
intermediate in development between the Amphineura and the Diotocardiate 
Prosobranchs. 

So far as the various groups are concerned there can be little doubt but 
that the Tetrabranchs are the more primitive forms, showing as they do 
less specialization of the foot, what must be considered a more primitive 
shell, and a more general tendency towards a paired arrangement of the 
organs than is found in the Dibranchs. The duplication of the ctenidia 
and nephridia must, however, be considered a secondary acquisition. The 
Decapods, again, seem to be on the whole more primitive than the Octo- 
pods, the character of the ccelom and the presence of a shell in the former 
being points to which attention may be called in this connection. 

The Affinities of the Mollusca.—Attention has already been called to 
the similarity of the typical Gasteropod and Pelecypod larve to the An- 
nelid Trochophore, and the evident conclusion has been pointed out that 
the Annelids and Mollusca are to be traced back to a common ancestor 
represented by the Trochophore. It is difficult otherwise to understand 
the remarkable similarity which exists between the two larvee—similarities, 
including not only the general arrangement of the locomotor cilia, but ex- 
tending as well to internal organs, such as the nephridia. In two respects, 
however, the Molluscan Veliger differs from the Annelid Trochophore ; it 
possesses a shell and a foot. These features are, however, readily ex- 
plicable as a throwing back in the ontogeny of important structures origi- 
nally developing at a much later period in the life of the animal—a phe- 
nomenon of by no means unfrequent occurrence. It must be admitted, 
however, that frequent modifications of the Trochophore arrangement. are 
to be found, as has been indicated in the descriptions of the Amphineura, 
and these become especially interesting from the fact that in the former a 
primitive arrangement of the parts of the body must be recognized. If 
the Trochophore represents an ancestor, then it might be expected that it 
would be found more perfectly represented in the Amphineura than in the 
highly specialized Gasteropods, or even than in the Pelecypods. 

It is important, then, that the possibility of some of the similar struct- 
ures of the Trochophore and Veliger having been independently acquired 
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should be kept in mind, especially in view of another idea as to the gene- 
alogy of the Mollusca which has been advocated by certain authors. Ac- 
cording to this theory they have sprung from Turbellarian-like ancestors, the 
creeping surface of the worm having become more muscular, and so having | 
given rise to the foot of the Mollusk, the dorsal region of the body elevat- 
ing into the visceral hump. The nervous system of the Amphineura, with 
its ladder-like arrangement, might readily be deduced from the arrange- 
ment found in the Platyhelminths, and thus many points on which the Tro- 
chophore theory throws no light become intelligible. 

This theory concerns itself mainly with the adult forms, yet it is not 
impossible that a reconciliation between it and the Trochophore theory may 
be possible. It has already been pointed out that the Trochophore may 
possibly be the representative of a Turbellarian larva, and the same idea 
may be applied to the Veliger. In other words, it is possible that the 
Mollusca may have been derived from the Turbellaria, and that the ances- 
tral worms possessed in their life-history a larva which, independently of 
the adults, underwent aseries of modifications leading to the Veliger. The 
Veliger would then be the descendant of a Turbellarian larva, while the 
adult Mollusk would be directly descended from the Turbellarian. This 
view may be contrasted with that which regards the Trochophore (includ- 
ing the Veliger under this term for convenience) as the ancestor by means 
of the following scheme: 


TURBELLARIAN THEORY. 


4 Annelid 


Turbellarian larva———=Turbellarian 
(ancestor) 
oe ee Mollusk 
Trochophore 


TROCHOPHORE THEORY. 
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SUBKINGDOM METAZOA. 
TYPE MOLLUSCA. 


I. Class AMPHINEURA.—Visceral hump not developed; bilaterally sym- 
metrical; shell represented by scattered spicules or by a series 
of calcareous plates; anus terminal. 
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1. Order Solenogastres.—Shell represented by scattered calcareous 
spicules. Neomenia, Proneomenia, Chetoderma, Dondersia. 

2. Order Polyplacophora.—Shell formed by eight plates on dorsal 
surface of body. Chiton, Trachydermon, Chitonellus. 

II. Class GasTERopops.—Visceral hump usually well developed; body 
asymmetrical; shell univalved and usually spirally coiled, some- 
times absent; anus not terminal. 

1. Order Prosobranchia.—Ctenidia present, situated in front of the 
heart; auricle in front of ventricle; mantle edge not fused with 
body. 

Heart with two auricles; two nephridia (Diotocardia). Haliotis, 
Turbo, Trochus, Neritina, Plewrotomaria, Fissurella, Patella, 
Acmea. 

Heart with a single auricle and a single nephridium (Monotocar- 
dia). 

Dentition tenioglossate. 
With creeping habit. Cyprea, Paludina, Natica, Ampul- 
laria, Littorina, Cyclostoma, Calyptrea, Strombus. 
With pelagic habit (Heteropoda). Atalanta, Carinaria, 
Pterotrachea. 
Dentition ptenoglossate. Janthina, Scalaria, Solarium. 
Dentition rachiglossate. Fusus, Buccinum, Nassa, Murea, 
Purpura, Oliva, Marginelia. 
Dentition toxiglossate. Terebra, Conus, Pleurotoma. 

2. Order Opisthobranchia.—Ctenidia frequently absent, when pres- 
ent behind the heart; auricle behind ventricle; mantle when 
present not fused by its edges to body-wall; shell frequently 
absent. 

Mantle present (Tectibranchia). 

Foot with broad flat sole; with creeping habit. Bulla, Janus, ° 
Aplysia, Pleurobranchus. 

Foot with winglike parapodia, pelagic (Pteropoda). 
With shell (Thecosomata). Limacina, Styliola, Cymbuliopsis, 
Without shell (@ymnosomata). Pneumoderma, Clione. 

Mantle not developed (Nudibranchia). Pleurophyllidia, Phyl- 
lirhoé, Limapontia, Doris, Aiolis, Facellina. 

3. Order Pulmonata.—Ctenidia wanting; mantle fused by its edges 
to body-wall; terrestrial or aquatic. 

Eyes at base of tentacles (Basommatophora). Limnea, Physa, 
Planorbis. 

Eyes at tip of tentacles (Stylommatophora). Helix, Limax, Arion, 
Vaginula, Daudebardia, Onchidium. 

TII. Class ScapHoropa.— Visceral hump developed; bilaterally symmetrical; 
shell cylindrical, open at both ends. Dentalium, Siphodenta- 
lium, Cadulus. 
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IV. Class PELEcyPopA.—Visceral hump not developed; bilaterally sym- 
metrical; mantle forms two lateral folds; shell bivalved; anus 
terminal. 

1. Order Protobranchia.—Gill a true ctenidium; pleural ganglia not 

united to cerebral. MNucula, Yoldia. 

2. Order Filibranchia.—Gill-filaments elongated and bent upwards 
at ends; cerebral and pleural gangliafused. Anomia, Mytilus, 
Modiolaria, Area. 

8. Order Pseudolamellibranchia.—Gill-filaments turned up at ends 
and with interlamellar junctions; cerebral and pleural ganglia 
united. Pecten, Ostrea. 

4, Order Eulamellibranchia.—Gill filaments united to form a plate- 
like gill; cerebral and pleural ganglia united. Venus, Mya, 
Ensatella, Pholas, Teredo, Unio, Anodon, Cyclas. 

5. Order Septibranchia.—Gill reduced to a muscular perforated sep- 
tum between the mantle and suprabranchial chambers. Cus- 
pidaria. : 

V. Class CePpHaLopopa.—Visceral hump developed; bilaterally symmetri- 
cal; mantle a circular fold; foot (propodium and mesopodium) 
forming arm-like structures provided with suckers and sur- 
rounding the mouth. 

1. Order Tetrabranchia.—With four ctenidia and with external 
chambered shell. Nautilus. . 

2. Order Dibranchia.—With two ctenidia; shell if external not 
chambered, usually internal. 

With eight arms to foot (Octopoda). Argonauta, Octopus, Trem- 
octopus, Philonexis. 

With ten arms to foot (Decapoda). Spirula, Sepia, Loligo, 
Ommastrephes. 
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CHAPTER XIII. 
TYPE CRUSTACEA. 


THE group Crustacea includes a very large number of 
forms, most of which are marine, though many are found in 
fresh water and a few are even terrestrial. A great diversity 
of form is found in the various members of the group, but at 
the same time the general structure, except in. forms degen- 
erated by parasitism, shows comparatively close similarity 
throughout. 

The body is enclosed in a thick chitinous cuticle which 
not infrequently becomes hardened by the deposition of | 
calcareous matter in it, producing what may almost be con- 
sidered a shell and giving origin to the name applied to the 
group. This covering serves not only for protection, but also 
as a point d’appui for the insertion and origin of muscles. 
Where it reaches a considerable thickness it becomes more or 
less regularly divided into segments, separated by intervals in 
which the cuticle remains thin, so that movement of the 
various segments upon each other are possible. 

As a rule there is attached to the sides of each of these 
segments an appendage, also inclosed in a more or less thick 
cuticle and jointed, this jointed character having suggested 
the reference of the Crustacea together with the Arachnida 
and Tracheata to a single group termed the Arthropoda. An 
examination of the internal parts, especially of the nervous 
system, shows that these various body-segments are in reality 
metameres, and that the Crustacean is, like the Annelid, a 
metameric organism. A characteristic of the Crustacea, how- 
ever, is a tendency towards a greater differentation and con- 
solidation of the metameres than is found in the Annelida, a 
tendency especially well marked in the anterior region of the 
body, where a varying number of the metameres fuse more or 
less perfectly together to form a distinct head, bearing the 
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principal sense-organs and the organs of mastication (Fig. 
162), there being behind this head, more or less perfectly dis- 
tinguishable, a thorax and an abdomen. Judging from the 
number of pairs of appendages arising from this head region 
it seems that the typical number of metameres consolidated 
to form it is five, but to these there must be added an anterior 
segment which does not bear appendages but upon which the 
eyes are developed. To these six somites there are added, 
especially in the more highly-differentiated forms, a number 
of additional metameres which properly belong to the thorax, 
the apparent extent of the head region being thus increased. 


Fig. 162.—A Drcaprop Crustackan, Cambarus. 


There is indeed throughout the Crustacea a tendency towards 
what has been called “ cephalization,” ie., a condensation of 
the anterior metameres, and as a rule the higher the form the 
greater is this condensation and the greater the apparent ex- 
tent of the head region. The number of segments composing 
the thorax and abdomen is exceedingly variable in the lower 
forms, but in the higher there are constantly eight thoracic 
and seven abdominal segments, the posterior one, termed the 
telson, being alone destitute of appendages. Frequently, 
especially in the higher forms (Fig. 162), the thoracic seg- 
ments consolidate to a greater or less extent, the segmentation 
of this region of the body being indicated in some forms only 
by the appendages and the nerve-ganglia, and furthermore 
lateral folds of the body-wall may project backwards from the 
sides and dorsum of the head or anterior thoracic regions, 
enclosing the thorax or even the entire body in a firm cara- 
pace or else in a bivalved shell, sometimes provided with 
adductor muscles. . 
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The study of the embryology of some of the higher Crustacea has 
brought out the fact that in these there are indications of a segment desti- 
tute of appendages but represented by a pair of nerve-ganglia, immedi- 
ately succeeding the eye-bearing anterior segment. In these cases, then, 
the head really consists altogether of seven segments. Whether this seg- 
ment represents the first appendage-bearing segment of the lower forms 


ss 


Fie. 168.—CrostackaAN APPENDAGES. 
A, antennule of Crayfish, Cambarus; B, antennule of Copepod, Otthona (after 
Gressrecat); CO, antenna of Cambarus; D, antenna of Phyllopod, Hulimnadia 
(after Packarp); ss, sensory hairs. 


or whether in these also it exists in a degenerate condition has not yet been 
determined ; for convenience at present the six fully-developed head- 
segments may be considered homologous throughout the group. 


The appendages vary much in form in different parts of 
the body and in different forms. Those of the head region 
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are modified to serve as sensory organs and organs of masti- 
cation. The first pair, termed the first antenne or antennules, 
are usually sensory in function, though occasionally also loco- 
motor (Ostracoda and some Copepoda), and are frequently 
supplied with peculiar sete supposed to be olfactory in addi- 
tion to others probably tactile in function (Fig. 163, B). They 
consist in their typical form of a basal portion composed of 
three or four joints, the terminal one bearing one (Fig. 163, B) 
or two (Fig. 163, A) many-jointed flagella. The second pair, the 
second antenne termed also simply antenne (Fig, 163, Cand D), 
are also principally sensory and consist typically of a two-joint- 
ed basal portion, bearing two many-jointed branches. One of 
these, that upon the outer side, frequently becomes reduced to 
a scalelike rudiment (Fig. 163, C), the inner branch persisting as 
the flagellum. The third pair, the mandibles, serve as mas- 
ticatory organs and are generally much modified in correspon- 
dence with this function. Typically (Fig. 164, 4) they consist 
of a two-jointed basal portion bearing two branches. The 
proximal joint of the basal portion, however, becomes much 
indurated by the thickening of the chitinous cuticle and also 
toothed, forming the mandible proper, while the remaining joint 
and the two branches undergo reduction even to disappear- 
ance, being known when present as the mandibular palps 
(Fig. 164, C, mp). The fourth pair are the jirst mawille (Fig. 
164, B and D) and serve like the mandibles for mastication, un- 
dergoing a somewhat similar modification. They do not, how- 
ever, become so indurated, though one or both of the basal 
joints may be provided with stiff setee and serve as a jaw, and 
the two branches more frequently persist than in the mandi- 
bles. The fifth pair, the second mawille, are also masticatory 
and resemble the first in the modifications which they 
undergo. 

The thoracic and abdominal appendages in all but the 
lowest forms can be reduced to a typical appendage consisting 
of a two-jointed basal portion tipped by two branches also 
jointed. In appendages employed for swimming both 
branches persist (Fig. 165, A), aud may possess a broad 
platelike form, but when modified for walking the outer 
branch disappears. From limbs modified in this latter 
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D 
-Fia. 164.—CrustackaNn APPENDAGES. 
A, mandible of Copepod, Notodelphys (from Brown); B, first maxilla of Noto- 
delphys (from Bronn); C, mandible of Cambarus; D, first maxilla of Cam- 


- barus. 
en = endopodite. ex = exopodite. mp = mandibular palp. 


Fie. 165.—CrusTacHAN APPENDAGES. 


A, second thoracic appendage of Mysis (after Sars); B, second thoracic appen- 
dage of an Amphipod. 
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manner the grasping claws (Fig. 165, B) or chele are devel- 
oped by the flexion of the terminal joint on the subterminal or 
by the elongation of the angles of the latter into a more or 
less strong process against which the terminal joint may be 
approximated. 

The description given above of the various appendages is 
of course general, the modifications found in the various 
forms being almost endless. Indeed in parasitic forms the ap- 
pendages, except those concerned in mastication, may entirely 
disappear, all gradations between fully-developed append- 
ages and the merest rudiments being found in various forms. 


WA 
Fie. 166. —SrixtH (A) anp SEconpD (B) THoracic APPENDAGES OF BRANCHIO- 
POD, Apus (after ZappacH from Brown). 
br = bract. fl = flabellum. 1-6 = inner lobes. 
From what has been said, however, it may be seen that typi- 
cally the Crustacean appendage may be considered a biramous 
structure, consisting of a two-jointed basal portion termed 
the protopodite and two jointed branches termed the exopodite 
and endopodite (Fig. 165, ex, en) according to their relation to 
the median axis of the body. Additional rami are frequently 
developed upon the protopodite—such, for example, as that 
termed the epipodite (Fig. 167, ep) and the branchia (br). How- 
ever, although such a limb may be considered typical, it is 
not necessarily also the most primitive. Indeed when the 
simplest forms, such as the Phyllopoda, are examined it will 
be found that the more posterior appendages have a very 
different composition. Thus in the genus dpus the sixth 
thoracic appendage (Fig. 166, A) consists of a central two- 
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jointed axis ending in a rounded lobe and bearing upon its 
inner edge six lobes (1-6), some of which are united to the 
axis by a joint. On the outer side are two large lobes, the 
distal one being termed the flabellum (/?), while the proximal 
one is the bract (br) and serves respiratory purposes. The 
entire appendage has thus a leaflike form. In one of the 
more anterior appendages, however, an interesting modifica- 
tion of this will be found. Thus in the second thoracic ap- 
pendage (Fig. 166, B) the axis 
will be found to be more dis- 
tinctly divided into two joints, 
each bearing two of the internal 
lobes somewhat reduced in 
size, while the terminal one in 
addition carries two other lobes, 
the fifth and sixth, which have 
become somewhat elongated. 
The flabellum and bract remain 
nearly the same as in the 
first post - genital appendage. 
If now such an appendage be 
compared with the second tho- 
racic appendage of the Shrimp 
Palemonetes (Fig. 167), a direct 
Fig. 167.—Tue Seconp Maxiur- homology of the parts may be 


PED A illatee discovered. The axis of the 
7” = branchia. ; . . 
he evenden sae Phyllopod limb is represented 
= euliedite. by the protopodite while the 
ex = exopodite. exopodite (ex) and endopodite 


(en) represent the two terminal 
inner lobes, the others having disappeared; the flabel- 
lum is represented by the epipodite (ep) and the bract per- 
haps by the branchia (br), attached to the epipodite in this par- 
ticular limb, but free on the more posterior ones. 

It would appear probable from these facts that the bira- 
mous limb is really a derivative from the more complicated 
foliate appendage possessed by the Phyllopods; the foliate 
condition, however, has given place to such a great extent to 
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the biramous that it is most convenient to regard the latter as 
the typical condition in the Crustacea. 

Respiratory organs are not always present, but when they 
are they take the form of thin-walled outgrowths of the body- 
wall. In some forms in which the surface of the body-wall is 
increased by the development of a bivalved shell or carapace 
the lining-surface of the fold serves for respiration, and may 
be thrown into a number of folds so as to increase the extent 
of surface, as in the Gasteropod Patella. In the majority of 
cases, however, more or less branched hollow processes are 
seated upon the sides of the body or on a greater or less 
number of the appendages, their cavities communicating with 
the lacunar spaces of the body, so that the blood can circulate 
through them and receive aeration through their thin walls. 
In the Isopoda a certain number of the appendages are de- 
voted to the respiratory function, both the exopodite and 
endopodite being lamellar and thin-walled, or else the endo- 
podite alone may have this function, the exopodite serving as 
a covering-plate for the protection of the inner respiratory 
ramus. 

As already stated, the body is covered by a chitinous or 
more or less calcareous cuticle. This is secreted by the cells 
of the hypodermis, as it is termed, which correspond to the 
ectoderm of other forms and rest below on a more or less 
well-developed layer of connective tissue. A dermal muscu- 
lar system is entirely unrepresented in the Crustacea, owing 
no doubt to the development of the thick cuticula; but never- 
theless muscles are well-developed. These take the form in 
the body of four longitudinal bands, two situated dorsally and 
two ventrally, giving off slips to be inserted into the cuticle 
of each metamere, flexion and extension of the various meta- 
meres upon one another being thus permitted. In addition 
muscles extend from the body-wall to the various appendages 
and between the various joints of these structures, being in 
all cases, it is needless to say, situated within the body and 
the appendages. In some cases, more especially in those 
forms in which the appendages are adapted for walking, 
special chitinous plates or processes project into the body- 
cavity from the ventral surface forming the endophragmai sys- 
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tem and serving for the attachment of the muscles passing to 
the appendages. In forms furnished with a bivalved shell 
special adductor muscles for its closure are frequently devel- 
oped; and in the higher Crustacea, in which the so-called 
stomach is usually provided with a series of chitinous teeth, 
special muscles are developed for their movement. 

The ceelom of the Crustacea consists for the most part of 
a series of cavities, without definite walls, between the viscera 
and the muscle-bundles and extending out into the append- 
ages and the branchiew. One of these occupies the mid-line 
below the dorsal surface of the body, and contains the heart, 
whence it is known as the pericardial sinus. It is bounded 
below by a distinct partition, the pericardial septum, but 
seems to be a schizoccelic space, since it contains blood, and is 
therefore not comparable to the pericardial cavity of the 
Mollusca. A true enteroccel does exist, however, in some of 
the higher forms (e.g., Palemonetes), consisting of a sae lying 
in the anterior thoracic region. It surrounds the anterior 
aorta as a narrow cavity and behind expands so as to cover 
the anterior portion of the reproductive organs, and then 
passes ventrally into the schizoccelic cavity which surrounds 
the intestine. It is a perfectly closed sac, having no com- 
munication with the pericardial sinus beneath which it lies, 
and contains a coagulable fluid in which no corpuscles have 
been observed. 

The saclike cavity into which the antennary gland, to be described 
later, opens is also to be regarded as a true enterocel; but attention must 
again be called to the inadvisability of maintaining a wide distinction be- 
tween schizoceelic and enteroccelic spaces. (See p. 231.) 

The circulatory system is comparatively simple. In many 
forms a heart and distinct blood-vessels are entirely wanting, 
the blood circulating through the lacunar celom by the 
movements of the appendages. In the majority of forms, 
however, a pulsatile heart (Fig. 168, h) is present, lying near 
the dorsal surface of the body in the pericardial sinus, ex- 
tending in some forms throughout the entire thoracic and 
abdominal regions of the body. More usually, however, the 
heart is limited to the thoracic region, or occasionally is 
almost entirely confined to the abdomen, its anterior ex- 
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tremity encroaching but slightly upon the thorax (Isopoda). 
It is provided with a varying number of openings along its 
sides, through which the blood gains entrance to its cavity 
from. the pericardial sinus—these openings, termed ostia, 
being guarded by valves opening inwards and preventing 
regurgitation of the blood during systole. From either end 
of the heart arteries arise which, after a longer or shorter 
course and many or few branchings, open widely into the 
lacunar spaces. From these the blood passes in some forms 
into a venous sinus situated on the ventral surface of the 


Fie. 168.—Dracram or STRUCTURE oF CRUSTACEAN (Cambarus). 


an = anus. ne = nephridium. 
ca = carapace. $s = stomach. 
ce = cerebral ganglion. ‘ sa@ = sternal artery. 
h = heart. te = testis. 
¢ = intestine. iZ = telson. 
t = digestive gland. od = vas deferens. 
m = mouth. on = veutral nerve. 
mp = opening of vas deferens. 1-6 = abdominal segments. 


body, and thence is distributed to the branchiz, passing from 
them back to the pericardial sinus, and so to the heart again. 
The blood is usually colorless, though occasionally greenish, 
in which case it contains a respiratory copper-containing pig- 
ment termed hemocyanin, or reddish, in which case the pig- 
ment is hemoglobin. It consists of a plasma in which float 
ameeboid nucleated corpuscles. 

The digestive system consists of an almost straight tube 
extending from mouth (Fig. 168, m) to anus (an) and divisible 
into three regions. The mouth is bounded in front by an 
overhanging lip, and behind by a lower lip which arises as 
two separate parts, which by some writers have been regarded 
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as appendages, though the absence of a corresponding nerve- 
ganglion tells very strongly against such an idea. The ante- 
rior portion of the digestive tract arises in the embryo as an 
ectodermal invagination, and is frequently lined throughout 
by a chitinous cuticle. In the higher forms (Malacostraca) 


the posterior portion of this foregut is enlarged to form a so- — 


called stomach (Fig. 168, s), in which the chitinous lining 
thickens to form a complicated arrangement of teeth, which, 
moved by special muscles extending from the stomach to the 
walls of the body, serve for the comminution of the food. 
No salivary glands occur. The midgut is frequently of very 
small extent, and has usually connected with it a digestive 
gland (Fig. 168, /) consisting either of from one to four pairs 
of simple or but slightly branched ccecal tubes, or else of a 
much-branched compact gland opening into the intestine by 
two or more ducts. The hindgut (2), like the foregut, arises 
as an ectodermal invagination, and is usually lined with chitin 
and unprovided with special glands. 

The nervous system presents a typically metameric condi- 
tion throughout the greater portion of the body, a pair of 
ganglia occurring in each segment, united by paired connec- 
tives with the ganglia of the preceding and succeeding meta- 
meres (Fig. 168, vn). In the anterior portion of the body, 
however, as well as posteriorly, a certain amount of concen- 
tration and fusion of the various ganglia occurs. An ideal 
condition in which no fusion has taken place would show a 
pair of cerebral ganglia (Fig. 169, ce) with which more or less 
complicated optic ganglia are connected. From the cerebral 
ganglia connectives pass backward and unite with a pair of 
ganglia (g’), clearly indicated in the embryos of many of the 
higher forms, but not yet definitely known in the Entomo- 
straca, though it seems probable that they occur in these 
also. The metamere and appendages which should properly 
be associated with them seem to have disappeared; that is 
to say, they are the sole representatives of a metamere inter- 
vening between the cerebral and antennulary segments. These 
ganglia are united by a pair of connectives with a third pair 
sending nerves to the antennules (g’), and these again with a 
fourth pair belonging to the antennary metamere (g*), and so 
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on, a pair of ganglia occurring in each metamere throughout 
the body. Such a condition as this is found only in em- 
bryonic stages, and even there not always perfectly. The 
ganglia representing the preantennulary metamere fuse with 
the cerebral, as do also the antennulary, and in higher forms 
the antennary ganglia, there being thus formed a complex 


Fia. 169.—Drtaaram or NERVOUS 
SysTEM OF CRUSTACEAN. 
ce = cerebral ganglion. 
g' = second ss 
g? = antennulary ‘‘ 
g* = antennary ‘ : 
mn = mandibular ‘‘ Fia. 170.—NeErRvous System oF 


me, ma = maxillary ganglia. (A) AN Isopop, Aselluws, AND 
@ = cesophagus. (B) a Bracoyuran Decarop, 
th’ = first thoracic ganglion. Maja (after M1Lne-Epwarps). 


cerebrum, which, in contrast to the simple cerebrum (archi- 
cerebrum) of the Annelida, may be known as a syncerebrum. 
The remaining ganglia may remain perfectly separate, the 
connectives joining the more anterior ones usually being 
much shortened, or a greater or less number of them may 
fuse. Thus in the Crayfish the ganglia of the three posterior 
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head-metameres unite with those of the two anterior thoracic 
segments to form a single ganglionic mass lying behind the 
cesophagus and sending nerves to the appendages of the 
somites represented in the fusion. Similarly, in the posterior 
region of the body of the Isopoda all the ganglia of the 
abdominal region may fuse to a more or less simple mass 
(Fig. 170, A, ab), and an extreme condition of fusion is to be 
found in some Crabs (Fig. 170, B), in which all the ganglia 
behind the antennary segment fuse to a single mass (tab), 
lying in the thorax-—a condition standing in relation to the 
reduction of the abdomen and the extensive concentration of 
the head and thoracic regions which are characteristic of 
these forms. 

A sympathetic nervous system seems to be generally 
present, consisting in its most complete condition of an un- 
paired nerve arising from the syncerebrum and passing back- 
wards to be distributed to the stomach, and of a median 
nerve (Fig. 170, A, m) extending from one pair of postcesoph- 
ageal ganglia to the other, lying between the two connectives. 

Sense-organs reach a high degree of development in the 
group. Hairs occur in abundance on the appendages and 
body, the majority no doubt having merely a mechanical 
function; but among them will be found some beneath which 
lie one or more ganglion-cells, giving rise to a nerve which 
passes into the hair. These hairs are supposed to be tactile 
in function. On the antennules of many forms and more 
rarely upon the antenne, hairs of special forms occur, usually 
in bunches or in rows. They may be club-shaped or cylin- 
drical, and each has a nerve-fibre extending into it without 
dilating into a ganglion-cell beneath its base. To these hairs 
an olfactory function has been assigned, and it is noticeable 
that they are usually more abundant upon the antennules of 
the males than on those of the females—an arrangement 
which suggests a probable service as guides in finding the 
latter. 

Eyes are very generally present in the Crustacea, and 
reach usually a high degree of efficiency. Two forms of eye 
are known—a median unpaired one, frequently spoken of as 
the simple eye, and the lateral or compound eyes. The un- 
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paired eye is present in the larval stages of probably all 
Crustacea, and persists in a more or less perfect form in the 
adults of most Entomostraca,—a group which coutains the 
more primitive forms,—and has even been detected in those 
of some of the higher forms (e.g. Crangon). It consists when 
well developed of three patches of pigment, forming cups in 
each of which lies a group of clear cells from which nerve- 
fibres arise passing to the optic nerve. 

The lateral eyes are composed of a number of units each 
of which possesses all the parts of a visual organ and is 
termed an ommatidiwm, and consequent- 
ly these eyes have been regarded as an 
ageregation of a number of individual 
eyes, whence the term compound usually 
applied to them. Each ommatidium is 
a complicated structure consisting of 
several parts (Fig. 171). The outermost 
layer of each is a transparent cornea 
which is continuous with the general 
cuticle of the body, and in some forms 
is only distinguished from this by its 
transparency. More frequently, how- 
ever, this cuticle becomes more or less 
perfectly divided into a series of corneas 
of an hexagonal or tetragonal shape, : 
one corresponding to each ommatidium, gol eran ce oy 
the surface of the eye thus acquiring  pypyy, Sy 
a faceted appearance. Below the cuti- © = cone-cell. 
cle come the hypodermal cells (C77) CH = corneal hypodermis. 
which secrete it, arranged irregularly GE = CEeUHTNG COTE, 

. 21, ~~ g*,- CO DR = distal retinula. 
without reference to the ommatidia in pp _ pesuicull weintthy: 
the simpler non-faceted eyes, but in RA = rhabdom. 
the faceted eyes with two hypodermal cells lying beneath 
each cornea and constituting the corneal hypodermis. 
Below these come the cone-cells (C), two to four in number 
as a rule; these are elongated cells a portion of whose pro- 
toplasm becomes converted into a refractive translucent body, 
the crystalline cone (CC), composed of as many segments as 
there are cone-cells taking part in its formation, and sur- 


if 


382 INVERTEBRATE MORPHOLOGY. 


rounded upon the outside by a delicate layer of protoplasm 
placing the part of each cell above the cone in continuity with 
the part lying below it. In the higher forms there occur, 
partially surrounding the cone-cells, two pigmented cells 
which seem to be sensory in function and are termed the 
distal retinular cells(D/). They are, however, unrepresented 
in the lower forms, in which the sensory portion or retinula is 
represented by a single circle of usually 5 cells (P/) lying 
proximally to the cone-cells and surrounding a chitinous rod 
which is manufactured as a secretion from their approximated 
surfaces, and is termed the rhabdom (/?h). These cells are 
also pigmented and are prolonged below into nerve-fibres, 
which, piercing the basement-membrane upon which the om- 
matidia rest, pass to the optic ganglia. In the higher Crus- 
tacea, in which a distal retinula is present, the rhabdom is 
formed by a circle of eight cells (one of which is almost 
aborted, so that there appear to be only seven). These con- 
stitute the proximal retinula, and appear to correspond to the 
single vetinula of the simpler forms. Finally, a number of 
accessory cells, usually pigmented, may surround each om- 
matidium, separating it from its neighbors, but not appearing 
to be essential constituents of the eye. 


The view according to which these lateral eyes are regarded as an ag- 
gregation of a number of independent eyes has already been referred to. 
It seems questionable, however, if this be the correct interpretation of 
them in view of the occurrence of so-called compound eyes in the Mollusca 
(Arca) and the Polychztous Annelida. It seems more probable that, as 
in these forms, the Crustacean eye is to be regarded as a separation into a 
number of more or less isolated parts of an originally continuous retina, 
a corresponding division of the originally simple refractive apparatus 
also taking place. This view seems to harmonize most satisfactorily with 
the facts of development. 


Occasional departures from the usual arrangement of the 
eyes are to be found—as for instance in Phronima, one of the 
Amphipoda, in which two pairs of compound eyes occur on 
the head, Mention may also be made here of the peculiar 
eyelike structures occurring in Huphausia, one of the Schizo- 
poda. They occur on the basal joints of the appendages of 
certain of the thoracic metameres, as well as upon the ventral 


TYPE CRUSTACEA. 383 


surface of the abdomen, and appear to be rather phospho- 
rescent than optic organs. 

Otocysts occur throughout the group Decapoda, to which 
the Crayfish, Lobster, and Crab belong, and consist of sacs 
lined by sensory sete and containing otoliths. They are 
situated on the basal joint of each of the antennules and in 
some forms are completely closed, though usually their cavity 
communicates with the exterior, being guarded by a number 
of closely-approximated bristles. In the Schizopoda similar 
otocysts occur in the endopodite of the last pair of abdominal 
appendages, and in the Amphipod Oxycephalus two lie above 
the syncerebrum. These structures, which are usually spoken 
of as auditory organs, seem to be rather sense-organs of equi- 
librium. 

In the larvee of many forms and in the adults of some 
‘Entomostraca one or two papilla-like processes project from 
the anterior surface of the head and are supposed to be sen- 
sory in function, though what purpose they may subserve is 
unknown. Strong nerves pass to these frontal sense-organs 
which appear to be of considerable importance. 

The excretory system consists of two pairs of nephridia, 
one or other of which may be absent in many forms. One of 
these develops in connection with the antennary segment and 
opens to the exterior on the basal joint of the antenne (Fig. 
168, ne), whence it is known as the antennary gland, some- 
times, however, receiving the name of the green gland. It 
reaches its highest development among the Malacostraca, 
occurring in many Entomostraca only in larval stages, later 
on degenerating. In its simplest condition it consists of a 
coiled tube whose lumen appears in some cases to be intra- 
cellular, though in others it is undoubtedly intercellular, and 
which terminates internally in a saclike dilatation whose 
wall is richly supplied with blood-lacune. In the higher 
forms (Fig. 172, A) a great complexity is brought about by 
the development of lateral branches from the tubular portion, 
and the terminal sac (s) may enlarge and fuse with that of 
the opposite side to form a cavity of considerable size lying 
in the anterior portion of the thorax and termed the nephro- 
peritoneal sac. 
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The second nephridium (Fig. 172, B) develops in connec- 
tion with the second maxillary segment, and opens usually 
upon the appendage of that segment. Itis especially devel- 
oped in the Entomostraca, in which it may lie in the folds of 
the body-wall which form the shell, and hence is usually 
known as the shell-gland. It occurs also in the larval stages 
of many Malacostraca, and may possibly persist in a degen- 
erated condition in the adults of some forms. In structure it 


Fig. 172.—A, Diagram oF NEPHRIDIUM (GREEN-GLAND) oF Astacus (after 
Marcaat); B, SHELL-GLAND oF Hulimnadia. ; 
$3 = terminal sac. sa = saccule. 


resembles closely the antennary gland, but does not present 
the complexity frequently found in that gland. 

The majority of the Crustacea are bisexual, hermaphro- 
ditism occurring only in forms which have a parasitic habit 
and in some which are sessile in adult life (Cirrhipedia). The 
ovaries or testes (Figs. 173, A and B) are paired organs lying 
alongside of the intestine or slightly dorsal to that organ, 
transverse connecting bars in some cases passing from the 
organ of one side to that of the other. Each organ may be 
regarded as a tube, sometimes simple, sometimes branched, 
and lined on its interior by an epithelium which gives rise 
to the germ-cells. Special germ-producing regions are fre- 
quently developed, as, for instance, at the extremities of the 
tubes or along one side (Isopoda), the cells in other regions 
ceasing to give rise to ova or spermatozoa. The reproductive 
elements pass to the exterior by special ducts, oviducts (od) 
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or vasa deferentia (vd), connected with each organ, and open- 
ing usually upon the ventral surface of the body at or near 
the junction of the thoracic and abdominal regions. The 
origin of these ducts has not yet been discovered, but it has 
been suggested that they may represent a third pair of ne- 
phridia. Accessory structures, such as receptacula seminis 
and cement-glands, for the attachment of the ova in the fe- 
males, and spermatophore-sacs, in which the spermatozoa aye 
encapsuled in spermatophores in the males, are frequently de- 


Fig. 173.—Ovary anp Tesris or Mysis (after Sars). 
od = oviduct. to = transverse bar of ovary. 
ov = ovary. te = testis. 
od = vas deferens. 

veloped in connection with the ducts, and in the Malacostraca 
certain of the appendages in the neighborhood of the genital 
openings are, especially in the males, modified so as to serve 
as copulatory organs. 

Owing to the great variety of form and structure met 
with in the various species of Crustacea the group is separa- 
ble into a large number of subdivisions. Two principal classes 
are, however, readily discernible, of which the first is 


I. Cuass Entomostraca. 


In this class the number of segments of which the body is 
composed varies greatly in the various groups and even in 
closely-related genera. The abdominal region is in some 
forms very much abreviated and is destitute of appendages, a 
rule which, however, finds exception in certain Phyllopods in 
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which some of the segments behind the genital openings, 
which may be taken as indicating the line of separation be- 
tween the two regions, are provided with appendages. Folds 
arising from the head region and forming either a carapace 
or a bivalved shell are frequently present and the animals are 
for the most part small, the largest reaching a length of about 
eight centimetres, while the majority measure less than a milli- 
metre. The unpaired eye usually persists in the adult, as 
does also the shell-gland, the antennary gland, on the other 
hand, being usually rudimentary or absent. A masticatory 
stomach is never present, and a further characteristic is found 
in the fact that the larva which hatches from the egg is almost 
invariably a Nauplius (see p. 417). 


1. Order Phyllopoda. 


The Phyllopoda are principally confined to fresh water, 
the genus Artemia, however, being found in salt lakes, while 
a few Cladocera are marine. They seem to be the most 
primitive of all the Crustacea and present the greatest variation 
in the number of metameres composing the body, some spe- 
cies possessing over forty pairs of appendages, while in others 
again the number is reduced to nine. All the thoracic ap- 
pendages, however, as a rule bear branchial lobes, and in some 
cases (Apus) present the many-lobed and imperfectly-jointed 
condition which has been considered the most primitive form of 
the Crustacean limb (see p. 373). The antennules are usually 
small and abundantly provided with olfactory hairs, while 
the antenne (except in Apus, in which they entirely disappear) 
are long and serve as locomotor organs. The mandibles are 
reduced to simple masticatory plates without palps, and the 
maxille undergo likewise considerable reduction. A heart is 
always present, but no blood-vessels exist, the blood passing 
from the heart into lacunar spaces. 


1. Suborder Branchiopoda. 


The Branchiopoda have all a plainly-segmented body con- 
sisting of many segments, and, with the exception of Branchi- 
pus and Artemia, are provided with a fold of the body-wall 
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which may form a dorsal carapace, as in Apus, or a bivalved 
shell, as in Limnadia, Limnetis, and Estheria (Fig. 174), an 
adductor muscle being developed for the closure of the shell 
within which the entire body may be withdrawn. The anten- 
nules are as a rule small and are provided with olfactory 
hairs; the antenne, on the other hand, are well developed ex- 
cept in Apus, in which they are in some species quite small 
and in others entirely wanting. In the shelled forms they are 
biramous, consisting of a several-jointed protopodite termi- 
nated by two many-jointed flagella, and serve as oarlike loco- 
motor organs, but in Branchipus they are short strong struc- 


Fie. 174.—Hstheria compleximanus (after Packarp). 
at! = antennule. at’?? = antenna. m = shell-muscle. 


tures without any locomotor function, serving in the males 
as clasping organs of use in copulation. The mandibles are 
reduced to toothed plates, lacking a palp, and the first max- 
ille show an almost similar reduction, while the second are 
entirely wanting in some genera, such as Limnetis. The suc- 
ceeding appendages are not limited to the thoracic region of 
the body, taking the genital opening as the limit between the 
two regions. Thus in Apus cancriformis there are eleven 
thoracic appendages, while behind the genital ring there are 
no less than over fifty locomotor limbs, and in such forms as 
Limnetis and Estheria (Fig. 174) it is difficult to distinguish 
between the thorax and the anterior abdominal segments. 
The heart of the Branchiopoda is a more or less elongated 
organ with several ostia and is usually limited to the anterior 
portion of the thoracic cavity, though in Branchipus it extends 
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‘ into the anterior abdominal region. Lateral eyes are present 
in addition to the unpaired median eye. In Branchipus they 
are situated upon the sides of the head upon well-defined 
stalks, but in Apus they are closely approximated on the 
dorsal surface of the cephalo-thoracic carapace, while in the 
shelled forms they are united together to form a single eye 
whose double nature is revealed only by a study of the details 
in its arrangement. 


A peculiar feature in the life-history of the members of this group is the 
comparative infrequency of males, their proportion to females being so 
small that for some time they were not known to exist. The females are 
able to reproduce parthenogenetically—males appearing only under certain 
conditions which are not as yet satisfactorily understood. The eggs de- 
velop generally in brood-pouches situated upon certain of the thoracic ap- 
pendages (Apus, Limnadia) or else are affixed to filamentar processes of 
these appendages (Hstheria). 


2. Suborder Cladocera. 


The Cladocera are distinguished from the Branchiopoda by 
the segmentation of the body being much less clearly defined 
and by the small and more definite number of appendages, 
there being only from four to six pairs of thoracic limbs. A 
bivalved shell arising from the maxillary segments and pro- 
vided with an adductor muscle is always present; it does not 
enclose the head, but the rest of the body may be completely 
withdrawn within it except in some genera, such as Evadne 
and Polyphemus, in which it is transformed into a brood- 
chamber, leaving the body almost unprotected. 

The antennules are always small unjointed structures pro- 
vided with a bunch of olfactory hairs usually terminal in po- 
sition, and the antennex are strong biramous locomotor organs. 
The mandibles are simple toothed plates without palps, and 
the second maxille are usually entirely wanting in the adults. 
The thoracic limbs are six in number in the genus Sida and 
are all lamellate and abundantly supplied with marginal set, 
but in Daphnia (Fig. 175), Moina, and allied forms the number 
is reduced to five, and the more anterior ones are more or less 
modified towards simple cylindrical. jointed appendages, a 
condition found in all the four thoracic appendages of Evadne 
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Fie. 175.—Daphnia pulex (from Herrwie). 


6 = brood-pouch. o = ovary. 

¢ = immature ova. s = shell-gland. 
g = cerebral ganglion. 1 = antennule. 
go = optic ganglion. 2 = antenna. 

h = heart. 3 = mandible. 


i = germinal region of ovary. 5-9 = thoracic limbs. 
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and Polyphemus, the branchial lobes being at the same time 
rudimentary or entirely wanting. The abdomen, which is 
composed of four segments, possesses on its dorsal surface 
elevations for the closure behind of the brood-chamber, and 
on its terminal segment sete are usually developed ; it does 
not, however, bear any appendages. 

The heart is an oval structure situated in the thoracic re- 
gion and possesses but a single pair of ostia. The lateral 
eyes are in all cases fused to form a double eye situated in 
the median line of the head and capable of movement within 
a socket by means of muscles which are attached to it. 

The majority of the Cladocera are fresh-water forms, 
though some, such as Hvadne, are marine. The ova undergo 
development in a brood-chamber formed by the space in- 
cluded between the shell-valves and the dorsal surface of the 
abdomen, andin ZLvadne and Polyphemus, as already stated, the 
entire shell, which is somewhat reduced in size, is adapted to 
serve as walls for the chamber. 

As in the Branchiopoda, collections of Cladocera, es- 
pecially if made during the spring or summer, will show an 
enormous preponderance of females, and several generations 
may be reared without a single male making its appearance. 
The eggs, which have a thin egg-membrane and little yolk, 
develop parthenogenetically and produce females, and this 
method of reproduction will continue so long as the condi- 
tions, such as temperature and food, remain satisfactory ; 
hence the eggs of this kind are generally known as “summer 
eggs.” Towards autumn, however, or whenever the condi- 
tions tend to become unfavorable, males, distinguishable by 
their smaller size, the absence of a brood-pouch, and their 
more highly-developed sense-organs, as well as by the de- 
velopment of hooked sete on the anterior appendages which 
serve as clasping organs, make their appearance, and at the 
same time the females begin to deposit ova much larger in 
size than the summer eggs and containing a considerable 
amount of yolk. These “winter eggs” develop apparently 
only after fertilization. In Polyphemus they possess a thick 
sbell, but in other forms special arrangements occur to render 
them resistent to cold, drying, etc. In some forms the ma- 
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ternal shell is sloughed and serves as a protecting case, but 
more usually, as in Daphnia, Moina, and others, a saddle- 
shaped thickening, the ephippium, appears on the dorsal wall 
of the brood-pouch at the time of the passage of the winter 
egg into it, and this thickening is thrown off with the egg and 
forms a protective covering for it. 


2. Order Ostracoda. 


The Ostracoda resemble the Cladocera in the segmentation 
of the body being but slightly marked and in possessing a 
bivalved shell provided with an adductor muscle. The shell, 
however, encloses the head as well as the thoracic and ab- 
dominal regions, and furthermore but two thoracic limbs 
exist. 

The antennules and antenne are both uniramous append- 
ages and serve for creeping, though the former are also pro- 
vided with olfactory hairs. The mandible consists of a tooth- 
bearing plate and a strong jointed palp which in some forms 
also functions as a creeping limb, and behind it are two well- 
developed maxille. The first of these is distinguished by the 
development of the jaw portion and the reduction of the palp, 
and in Cypris and Cythere bears a large plate with numerous 
marginal sete which is usually termed a branchial lobe. The 
second maxilla, on the other hand, shows considerable modi- 
fication in different genera. In Cypridina (Fig. 176, Mz’) it is 
jawlike and bears a large branchial lobe (wanting on the first 
pair), and in Cypris is adapted for the same function, but bears 
in addition to the rudimentary branchial lobe a short two- 
jointed palp, which in Halocypris becomes enlarged to form a 
three- or four-jointed limb, while finally in Cythere the append- 
age is practically a walking limb, its jaw function not being 
developed. The first thoracic appendage is an elongated 
many-jointed limb except in Cypridina (Fig. 176, t’), where it 
possesses a jaw function, and the second is also limblike. In 
Hoalocypris this latter appendage is, however, rudimentary, and 
in Cypris and Cypridina (Fig. 176, 7’) it is dorsally directed 
and serves for cleansing the inner surface of the shell from 
foreign bodies, in the latter genus arising some distance up 
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upon the sides of the body and forming a long cylindrical 
unjointed appendage. 

Respiration is usually effected by the general surface of 
the body and the inner walls of the shell duplicature, though 
in certain Cypridinide a double row of respiratory processes 
are situated upon the dorsal surface of the body near the 
second thoracic appendage. The so-called branchial lobes on 
the maxillz probably subserve the respiratory function only 
by renewing the water in contact with the body surface. A 


Fic 176.—Cypridina mediterranea, FaMAun (after Cavs). 


At! = antennule. o = simple eye. 
At? = antenna. Oc = compound eye. 
= heart. Pr = frontal organ. 
Mnp = mandibular palp. Sm = shell-muscle. 
Ma, M2? = first and second maxilla. i, 7? = first and second thoracic 
appendages. 


single median eye alone is present in Cypris and Cythere, but 
in addition a pair of lateral compound eyes occurs in Cypri- 
dina. The frontal sense-organ is a single strong process, in 
certain forms lying slightly above and between the antennules. 
A heart is present in Cypridina and LHalocypris as a saclike 
organ with two lateral ostia and is not prolonged into arteries, 
In Cypris and Cythere it is entirely wanting. 

The Ostracoda occur both in fresh water and in the ocean. 
The genus Cypris and its allies are for the most part aquatic, 
while the other genera mentioned are exclusively marine. 
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3. Order Copepoda. 


The members of the order Copepoda present great varia- 
tions in form, due to the fact that there are a number of para- 
sitic forms belonging to it some of which show so much de- 
generation that their relationships to the non-parasitic forms 
' only become apparent by a study of their development. 
Typically, however, the body is generally elongated (Fig. 177) 
and consists of ten segments in addition to those of the head, 
the five anterior ones usually bearing appendages and con- 
stituting the thorax, while the five posterior lack appendages 
and form the abdomen, the terminal segment of which bears 
a pair of caudal furce provided with sete. In female indi- 
viduals the two anterior abdominal segments fuse together to 
form a genital double segment, and in all cases the head seg- 
ments fuse together, while the anterior thoracic segment 
usually fuses with this consolidated mass. No shell-duplica- 
ture occurs. In the parasitic forms there is a tendency for 
the various segments to become indistinct and all trace of 
them may vanish, the abdomen in some cases becoming also 
extremely reduced in size. Add to this that lobes and pro- 
cesses are frequently developed upon the body and it will be 
understood how far these degenerate forms depart from the 
typical arrangement. , 

The antennules (Fig. 177, at’) in all free-swimming Cope- 
poda form long many-jointed swimming-organs used in an 
oarlike manner. They consist of a certain number of stout 

basal joints, terminated by a single long multiarticulate 
flagellum, no trace of a biramous condition being apparent. In 
addition to their locomotor function they also, as in other 
forms, serve as sense-organs, olfactory hairs being scattered 
along the flagellum, and in male individuals they are specially 
modified to form clasping organs for use in copulation. The 
antenne (at?) are much smaller and are frequently biramous, 
and the mandible (mn) has usually a palp, while the first 
‘maxille (mo'), bearing strong masticatory bristles on their 
basal joints, also show more or less indication of a biramous 
condition, The second maxille (mz’), sometimes termed the 
maxillipeds, show a peculiar arrangement in that each 
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appendage separates into two 


Fig. 177.—Calanus hyperboreus (after 
GIESBRECHT). 

an = anus. 

at! = antennule. 

at? = antenna. 

mn = mandible. 
ma!, ma? = first and second maxille. 

t-® = thoracic appendages. 


thus produced. The first 


e 
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portions inserted separately 
into the body-wall. The an- 
terior one is a comparatively 


* small plate provided with 


numerous masticatory sete on 


its inner edge, while the 
posterior is an elongated 
limblike structure. It is this 


combination of a maxillary 
and limblike portion that has. 
gained for this appendage the 
term wmazxilliped, though it. 
must be recognized that it is 
a true cephalic appendage and 
not comparable to the maxil- 
lipeds of the higher forms. 
The five thoracic appendages. 
(—t*) are typically biramous. 
and serve for swimming. 

This description refers to. 
the free-swimming forms; in 
parasitic species much modi- 
fication of the appendages. 
ensues. The antennules lose 
their long oarlike character 
and may even be degenerated 
to strong hooks which serve 
to fasten the animal to its 
host, a degeneration which 
the antenne may also under- 
go. The mouth-parts become 
adapted to a piercing func- 
tion, and the mandibles are 
represented by sharp stylet- 
like structures, sometimes en- 
closed in a tube formed by the 
union of the upper and lower 
lips, a sucking-organ being 


maxille undergo considerable 
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reduction, while the second pair is frequently adapted to form 
organs for adhering to the host, and finally the thoracic 
appendages may undergo various stages of degeneration, in 
some forms entirely disappearing. 

Branchial organs are entirely wanting throughout the 
order, respiration taking place over the entire body surface. 
A heart is present in a few forms (Calanide) consisting of a 
saclike organ with but a single pair of ostia, but in the 
majority of cases it is wanting. A single median eye is gen- 
erally present, and in a few forms, Pontella, Corycceus, and 
Argulus, lateral eyes are also present, though absent as a 
rule throughout the group. Each lateral eye in Corycceus 
consists of a single ommatidium, but in Argulus is compound 
and similar to the lateral eyes of the Branchiopoda. 

The Copepoda are throughout bisexual even in the cases 
of the parasitic forms. The vasa deferentia are provided with 
an enlargement in which the spermatozoa are included within 
a capsule, forming a spermatophore which during copulation 
is deposited in the neighborhood of the female genital open- 
ing. The spermatozoa being discharged from the spermato- 
phore-capsule, by a special discharging apparatus with which 
it is provided, make their way into a receptaculum seminis 
which communicates with each oviduct, the ova being fertilized 
during their passage to the exterior. These are usually 
carried in one or two masses attached to the first abdominal 
segment of the female, though in some forms, such as Notodel- 
phys, they undergo their development in a brood-chamber 
formed by the duplication of the integument of the dorsal 
surfaces of the fourth and fifth thoracic segments. A peculiar 
dimorphism of the sexes occurs in some of the most highly 
modified parasites, such as Chondracanthus, Achtheres, and 
others, the male being very much smaller than the female 
and showing much less degradation, frequently presenting 
well-developed eyes and more or less perfectly-developed 
appendages, so that it is able to lead for a time a free exist. 
ence. It is to be regarded as a larval stage sexually mature, 
since it resembles closely the female when in the stage immedi- 
ately before fixation to its host, the greater part of the degen- 
eration taking place after that has been accomplished. 

Two suborders are recognizable. 
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1. Suborder Hucopepoda. 


This suborder includes the majority of the Copepoda, and 
its members are characterized by having only the first thoracic 
segment fused with the head and by possessing usually a 
well-developed abdomen. Many are free-swimming, some in- 
habiting fresh water, as Cyclops and Canthocaumptus, while 
others are more especially marine, such as L/arpacticus, Calanus 


Fie. 178.—A, Philichthys xiphie SEEN FROM THE DorsAL SURFACE (after 
Ciaus); B, Achtheres percarum (from Brony). 


(Fig. 177), and Cetochilus, the latter sometimes occurring in 
enormous schools, and forming an important food-supply for 
fish and the baleen whales. Some, on the other hand, lead a 
commensalistic life, occurring in the branchial chamber of 
Tunicates, e.g. Notodelphys, while a large number of forms are 
parasitic. The degree of parasitism varies greatly in different 
forms ; thus many are capable of free existence, becoming 
parasitic only occasionally, such as Corycceeus and the brilliantly- 
colored Sapphirina, while others, such as Ergasilus, parasitic 
on the gills of fishes, and Caligus and Pandarus, though essen- 
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tially parasitic, still retain more or less perfectly the segmen- 
tation and general appearance of free-swimming forms, the 
modifications which they have undergone affecting principally 
the antennz, which are modified for purposes of adhesion to 
the host, the mandibles, which are piercing organs, and in some 
cases the maxille, which may, like the antennze, become hook- 
like. Frequently, however, the body assumes aberrant forms, 
as in Philichthys (Fig. 178, A), and the segmentation may en- 
tirely disappear, as in Penella, Lernceea, Chondracanthus, Achtheres 
(Fig. 178, B), and Anchorella, these last two forms presenting 
a peculiar modification of the second maxille in the females, 
the two appendages fusing at their tips to form a chitinous 
adhesive disk which serves as an organ of adhesion. In the 
majority of these forms, as 
already noted, the thoracic 
appendages may become more 
or less rudimentary; indeed 
even in the less modified 
forms, such as Ergasilus, the 
appendages of the fifth thora- 
cic segment may be wanting. 


2. Suborder Branchiura. 


In the Branchiura the 
cephalic and thoracic seg- 
ments are fused together to 
form a shield-shaped cephalo- 
thorax, while the abdomen is 
small and divided into two 
platelike halves which have 
a rich blood-supply, appar- 


Fia. 179.—Argulus foliaceus (after 


s s Cuaus). 
ently serving respiratory pur- Wee gaenaies 
poses, and in the males i = digestive gland. 
contain the testes. mx = second maxilla. 
The basal joint of the an- OO EYE 
t = testis. 


tennules (Fig. 179, at’) is devel- 
oped into a strong hooked process, and the mandibles and 
first maxille, which are stylet-like, are enclosed in a tube 
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formed by the fusion of the upper and lower lips. The 
second maxille (mx) develop at their bases large suckers, 
while the first thoracic appendages, here termed maxilli- 
peds, are limblike and have also hooked processes upon the 
basal joints. These are succeeded by four pairs of biramous 
swimming appendages. 

A well-developed heart is present, giving rise to arteries 
extending throughout the length of the body. A pair of 
lateral compound eyes (oc) are also present, and a further 
difference from the majority of the Eucopepoda lies in the 
fact that the eggs are not carried by the female, but are de- 
posited on foreign bodies. 

All the forms are parasitic, in some cases, as Argulus, 
upon fresh-water fishes, but they also possess the power of 
swimming actively. 


4. Order Cirrhipedia. 


The Cirrhipedia or Barnacles are without exception ma- 
rine forms, and in the adult condition either adhere to foreign 


‘ Cg 
Fra. 180.—Cypris Larva or Lepas (after Ctavs). 
Ab = abdomen. Oc = eye. 
At' = antennules. Ov = ovary. 
Cg = duct of cement-gland. p = penis. 
o = opening of oviduct. T°? = third thoracic foot. 


bodies, leading a perfectly sessile life, or clse bore in the shells 
of certain Mollusca, or finally are parasitic. It will be con- 
venient to describe first of all the organization of the sessile 
and boring forms, later considering briefly the parasitic forms 
which show many peculiarities due to degeneration. 

During the course of development the Cirrhipedia all pass 
through a larval stage similar in general appearance to an 
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Ostracode and hence termed the Cypris-stage (Fig. 180). 
The body is enclosed in extensive folds of the body-wall 
termed the mantle, and the antennules (at’) are characterized 
by being directed forwards and terminating in an adhesive 
disk upon which open the ducts of cement-glands. Adher- 
ing to a foreign body by these disks, the adhesion being 
made permanent by the secretion of the glands, a rotation of 
the body upon the antenne through 90° takes place, so that 
the animal comes to lie upon its back, the ventral surface 
looking away from the point of fixation. The antennules 
persist as rudimentary structures, and the adult animal really 
seems to be fixed by the dorsal surface of the head, which 
may elongate to form a stalk bearing the body proper at its 
extremity (Zepas, Fig. 181). 

The body shows no indication of segmentation, but a head 
region may be distinguished from the thorax and this from a 
short abdomen by means of the appendages. The character 
of the antennules has already been mentioned ; the antenne 
are wanting in adults, and the mandibles and first maxille 
are simple toothed plates destitute of palps, while the second 
maxille are small and fused together to form a kind of lower 
lip. The thoracic appendages (Fig. 181, B) are biramous, the 
basal portion supporting two long multiarticulate and usually 
setose filaments. In typical cases six pairs of these append- 
ages occur, but they may be reduced to four (Aleippe) or 
three pairs (Cryptophialus). In the living animal flexions of 
these appendages towards the ventral surface of the body 
take place almost rhythmically, currents of water being thus 
impelled towards the mouth together with any food-particles 
they may contain. The abdomen does not bear appendages, 
but from it arises a long slender cirrus (Fig. 181, ZB, cir) which 
contains the terminal portions of the vasa deferentia. 

The mantle-folds which occur in the Cypris-larva persist 
in the adult, and calcification of their walls takes place, giving 
rise to a calcareous shell, composed of several pieces, which 
encloses the animal. In the genus Lepas, the goose-barnacle, 
this shell consists of five pieces. On the dorsal side there is 
a single unpaired piece which receives the name of the carina 
(Fig. 181, A, car); at the sides and resting below on the upper- 
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most part of the stalk are the two scuta (sc), while above 
these are the terga (te), also paired, the opening into the in- 
terior lying between the terga and the scuta of opposite sides. 
In Scalpellum between the two scuta a sixth, unpaired, piece, 
the rostrum, is inserted, and in the same genus between the 
scuta, terga, and carina and the summit of the stalk small 
accessory pieces occur; and if one imagines a disappearance 


Fig. 181.—Lepas fascicularis. -A, exterior; B, structure. 


ag = antennary gland. Ov = ovary. 

Car = carina. pe = peduncle. 
Cir = cirrus Sc = scutum., 
M = shell-muscle. t = testis. 

Od = oviduct. Te = tergum. 


Vd = vas deferens. 


of the stalk of such a form, an enlargement of these accessory 
pieces, usually six in number, and their articulation to form 
a wall-like circle around the body of the animal, the scuta 
and terga closing it in and forming as it were a roof, an idea 
of the arrangement of the shell of Balanus, the acorn-barnacle, 
will be obtained. 

No special respiratory organs exist, the entire surface of 
the body probably performing this function, uor does a heart 
seem to occur in any member of the group. The nervous 
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system consists in Zepas of a syncerebrum and five or six 
ventral ganglia,—of which the last is probably composed of at 
least two fused ganglia, and a certain amount of fusion has 
also probably occurred in the first. In Balanus the fusion 
has reached its greatest extent, the entire ventral chain of 
ganglia having fused to a single mass. The median unpaired 
eye is usually represented, and in some forms rudimentary 
lateral eyes are present, showing, however, a marked degen- 
eration from the large compound eyes which occur in the 
Cypris-like larva. 

As a rule the Cirrhipedia are hermaphrodite in accord- 
ance with their sessile or parasitic life. The testes (Fig. 
181, B, t) lie one on each side of the digestive tract, and the 
vasa deferentia (vd) after dilating into seminal vesicles pass 
to the long cirrus (cir) borne by the abdomen, at the tip of 
which they open by a short common duct. The ovaries lie 
in Lepas (Fig. 181, B, ov) in the stalk, and in stalkless forms, 
such as Balanus, in the basal fold which corresponds to the 
stalk, and the oviducts (od) passing upwards and then back- 
wards open on the basal joints of the anterior thoracie ap- 
pendages. Although hermaphroditism is the rule throughout 
the order, yet in some cases small males have been found 
which have received the name of “complemental” males. 
These occur in the genus Jbla and in some species of Scalpel- 
lum and live like parasites in folds of the mantle of the her- 
maphrodite forms. In form they do not advance greatly 
beyond the Cypris stage, and possess in addition to the anten- 
nules only four pair of small thoracic limbs, the mandibles and 
maxilla as well as the mouth being entirely wanting, while 
the digestive tract is rudimentary. In other species of Scal- 
pellum, and in the genera Alcippe and Cryptophialus, these 
pigmy males are also present, but the forms in which they 
live are no longer hermaphrodites but females, so that bi- 
sexuality with sexual dimorphism occurs in these forms, 


It might be supposed from the general occurrence of bisexuality among 
the Crustacea that these last cases represented the first stage in the dis- 
appearance of the males, leading finally to hermaphroditism. Since, how- 
over, Alcippe and Cryptophialus are the most degenerate of the Cirrhi- 
peds so far discussed, it would seem that this is not the case, but rather 
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that, on the assumption of a sessile life hermaphroditism became character- 
istic of the order, the bisexualism of these boring forms being secondarily 
acquired. The fact that the pigmy males present larval characters sug- 
gests the idea that their occurrence may be an extreme case of proterandry. 
If in the hermaphrodite forms it is a rule that the spermatozoa mature 
earlier than the ova, thus preventing self-fertilization, it is conceivable that 
this early maturation of the testes might be carried back almost to iene 
Cypris stage and pigmy males be thus developed. 

Not unfrequently barnacles choose the bodies of other 
animals upon which to fasten, as for instance upon the cara- 
pace of Zimulus, or on the skin of whales, and the genus 
Anelasma fastens itself upon the surface of the body of a 
Shark, its stalk penetrating into the tissues and developing 
rootlike processes and so enabling it to lead a parasitic life. 
As a result of this the calcareous plates cease to develop, 
the mantle having merely a leathery consistency and the 
mandibles and maxille remain rudimentary. This degenera- 
tion is carried still further in Proteolepas (Fig. 182), which 
lives as a parasite in the 
manutle-cavity of other Cir- 
rhipeds and has a maggotlike 
appearance, the body being 
distinctly divided into eleven 
segments and lacking all 
traces of a mantle. The 
mouth-parts are modified so 
as to be suctorial, and the 

thoracic feet are entirely 

m = muscle. . . 3 é 
one wait wanting, while the digestive 
vs = vesicula seminalis. tract becomes rudimentary. 
Finally, a group of forms, 
known as the Lhizocephala, fasten themselves to the abdomen 
of crabs and become transformed into cylindrical or saclike 
structures entirely destitute of digestive tract and appendages, 
rootlike processes arising from the anterior end of the body 
and traversing the body of the host, by whose juices the 
parasite is nourished. The genus Sacculina consists of an an- 
terior short cylindrical portion from the extremity of which 
the rootlike processes arise and which perforates the integu- 
ment of the host. From the base of this a circular fold arises 


Fig. 182.—Proteolepas (from Brony). 
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which encloses between its walls and the wall of the body a 
cavity which serves as a brood-pouch and communicates with 
the exterior by a terminal opening capable of being closed by 
a sphincter. The body proper contains only the nervous 
system, reduced to a single ganglion, and the ovaries and the 
paired testes, as well as a pair of cement-glands connected 
with the female genital openings. 


The development of Saccaulina presents some extraordinary features. 
It resembles in its early stages the development of the other Cirrhipeds 
and reaches a typical Cypris stage during which it fastens itself by the 
antennules to the body of a crab. The tissues of the larva then retract 
themselves from the cuticle, and a remarkable degeneration of the body 
together with an amputation of the entire thoracic and abdominal regions 
then ensues, leaving an oval mass of tissue, richly pigmented, attached to 
the body of the crab by the empty cuticle of the antennules. At the 
anterior end of this mass a hollow dartlike process arises which is 
' pushed forward through the hollow cuticle of the antennules and pierces 
the body-wall of the host, the parasite apparently flowing then through the 
dart and so becoming an endoparasite. Within the body of the crab the 
development of the Saccwlina takes place from the apparently undiffer- 
entiated mass of tissue by which it is represented, and growing rapidly 
produces an absorption of the ventral integument of the host, which allows 
the saclike body to protrude to the exterior. It is to be noted that para- 
sitic Cirrhipeds (Laura) have been found in the stem of a Gorgonian and 
also in the body-cavity of Echinoderms (Dendrogaster). These forms 
show many peculiarities of structure and have been grouped together in 
the suborder Ascothoracida. 


II. Crass Malacostraca. 


The Malacostraca are distinguished from the Entomo- 
straca by the definiteness throughout the entire class of the 
number of metameres entering into the composition of the 
body. The head consists of five segments which are invari- 
ably fused, and the thorax is composed of eight, of which the 
anterior one, or indeed all, may unite with the head to form 
a perfect or imperfect cephalothorax. The abdomen is the 
only region in which variation of number takes place, aud 
this variation is confined to a single group of forms (Lepto- 
straca). In these the abdomen is composed of eight segments, 
while in all other forms it possesses only seven, counting in 
both these cases the terminal segment which bears the anus 
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and is known as the telson. All these segments with the 
exception of the telson, and in the Leptostraca of the seg- 
ment immediately in front of it, bear appendages. Folds of 
the integument forming a cephalothoracic carapace are fre- 
quently present, but it is rare that a bivalved shell occurs. 

The stomach is always provided with chitinous teeth and 
forms an efficient masticatory organ, and lateral eyes are 
present except in some Cumacea and in some forms belong- 
ing to other groups which inhabit caves or the depths of the 
ocean, under which conditions the eyes become rudimentary. 
The openings of the female reproductive organs are always 
situated on the basal joints of the appendages of the sixth 
thoracic segment, and the male openings on the appendages 
of the eighth segment. The antennary gland is usually well 
developed, while the shell-gland is either rudimentary or 
wanting in the adult. 

Although numerous rather small forms belong to this 
class, yet on the whole they much surpass in size the Ento- 
mostraca, some forms even reaching a length of over 50 cm. 
A few forms, such as Zuphausia and Peneus, leave the egg as.a 
Nauplius, but in the majority this stage is passed before 
hatching, the embryo first leading a free existence at a later 
stage in the larval form known as the Zdea, though in some 
cases hatching may be retarded until later stages, in fact 
sometimes until the adult form is acquired. 


I. SupcLtass LEPTOSTRACA. 


The Leptostraca are exceedingly interesting forms, present- 
ing similarities to the Entomostraca on the one hand and to 
the Malacostraca on the other, thus connecting the two 
classes. They are exclusively marine in habitat and possess 
a thin bivalved shell-duplicature which is provided with an 
adductor muscle and is prolonged in front into an unpaired 
plate which covers the dorsal surface of the head. 

The antennules (Fig. 183, at’) consist of a three-jointed 
basal portion bearing in addition to the multiarticulate flagel- 
lum a scalelike exopodite, a structure wanting in the antennz 
(at’), which otherwise have a similar form. The mandibles 
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bear a palp, as do also the first maxille, it being in these latter 
appendages prolonged into a long slender limblike (mz) 
structure which is directed dorsally and serves for cleansing 
the inner surface of the shell. The second maxille are 
biramous foliate structures, as are also the eight thoracic 
appendages (¢), each of which bears upon its basal joints a 
platelike epipodite which is respiratory in function. The 
four anterior abdominal appendages (ad*) are strong biramous 
swimming-legs, while the two posterior are small and unira- 
mous. Behind the last appendage-bearing segment are two 


Me ZZ Sa a: 


Fig. 183.—Nebalia Geoffroyt, MAH (after Cavs). 


ab* = abdominal appendage. h = heart. 
adr = antenuary gland maz = process of first maxilla. 
al = antennule. sm = shell-muscle. 
a? = antenna. t = thoracic appendage. 
te = testis. 


others without appendages, the terminal one being the telson, 
the Leptostraca possessing one more metamere than the rest 
of the Malacostraca. 

The heart is an elongated organ extending from the 
maxillary region as far back as the fourth abdominal seg- 
ment; it possesses several ostia, and is prolonged anteriorly 
and posteriorly into aorte. The antennary gland is present 
and a rudimentary shell-gland also persists. The lateral eyes 
are borne upon short stalks. 

The group contains but few species, the majority belong- 
ing to the genus Nebalia (Fig. 183). 
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II. SuspcLtass THORACOSTRACA. 


The Thoracostraca are characterized by the occurrence 
throughout the group of a well-developed duplicature of the 
body-wall, arising from the posterior head-segments and 
covering ina greater or less number of the thoracic segments, 
constituting what is termed a carapace. On the dorsal sur- 
face it fuses with the body-wall, but, at the sides encloses a 
respiratory chamber in which the branchix, when present, lie. 
According as the carapace extends over all or only over the 
anterior thoracic segments a more or less perfect cephalo- 
thorax is formed, a fusion of the covered thoracic segments 
with each other and with the head-segments occurring, the 
abdominal segments remaining in all cases distinct. 

Branchiz, consisting of bunches of hollow thin-walled 
processes whose cavities communicate with the lacunar spaces 
of the body, are borne by certain of the appendages except in 
the Mysidew. The lateral eyes except in the Cumacea are 
stalked and the antennary gland is usually well developed. 


1. Order Schizopoda. 


The carapace in the Schizopoda covers in the entire 
thorax, but a certain number of the posterior thoracic seg- 
ments remain ununited with it. The antennules are bira- 
mous, as are also the antenne (Fig. 184), the exopodite in the 
latter case being represented by a scalelike structure. The 
thoracic appendages are all similar and are biramous, the 
endopodites being limblike structures tipped by claws, 
while the exopodites are multiarticulate flagella. In the 
genus Huphausia the two last pairs are quite rudimentary, 
their branchix# remaining, however, well developed. The two 
anterior pairs in the genus Mysis have their basal joints en- 
larged to form jaws and consequently are distinguished as 
maxillipeds, but in Huphausia this distinction does not occur. 
The abdominal appendages in the females are generally small 
with the exception of the sixth pair, and in the genus JLysis 
are quite rudimentary. In the males of all genera they are, 
however, well-developed biramous swimming-feet, and the 
sixth pair in both sexes forms with the telson a tail-fin. 
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Branchie are present in Mysis only in the form of small 
epipodial elevations of the thoracic appendages, and in Sirvella 
as coiled tubular structures on the protopodites of the abdom- 
inal appendages of the males. In Huphausia, however, they 
form large ramified bunches attached to the protopodites of 
the thoracic limbs and are present even on the rudiments of 
the seventh and eighth pairs; they are not, however, enclosed 


Fie. 184.—Mysis relicta (after Sars). 
bp = brood-pouch, ot = otocyst. 


within a chamber formed by the lateral portions of the cara- 
pace, but project freely to the exterior. 

Otocysts occur in the inner lamelle of the sixth abdominal 
appendages (Fig. 184, ot), and in Huphausia a number of eye- 
like phosphorescent organs occur on the basal joints of the 
second and seventh thoracic appendages as well as upon the 
ventral surface of the four anterior abdominal segments. 
They are spherical in shape and each consists of a cup of 
cells containing red pigment covered in by a lens. 

The Schizopoda are essentially marine, though some 
species of the genus Jfysis (Fig. 184) occur in fresh and 
brackish water. 


2. Order Cumacea. 


In this order the carapace covers only the anterior three 
or four thoracic segments, five or four of them remaining dis. 
tinct. The antennules are short and in the male biramous, 
while the antennz, though in the female almost rudimentary, 
may be as long as the entire body. The two anterior thoracic 
appendages form maxillipeds, their basal joints serving for 
mastication while the succeeding six pairs are limblike, all 
but the last or three last possessing small exopodites. The 
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Fria, 185.—Diastylis stygia, MALE (efter 
Sars from Lang). 
@, =antennule. en = endopodite. 
@,=uantenna, ex = e xopodite. 

ab=abdominal ap- p=abdominal ap- 
pendages. pendages. 

cth= carapace. IV-VIIJI = thoracic 
segments, 
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sixth abdominal segment 
bears a pair of biramous ap- 
pendages with a long single- 
jointed protopodite, the re- 
maining segments being in 
the female destitute of ap- 
pendages, but in the male the 
anterior 2 (Diastylis), 38, or 5 
(Campylaspis) segments may 
bear biramous swimming-feet. 

The lateral eyes are never 
stalked and may be closely 
approximated or even fused 
on the dorsal surface of the 
cephalothorax. They are 
generally composed of but 
few ommatidia and in some 
species are entirely wanting. 

The Cumacea are exclu- 
sively marine and are more 
especially characteristic of 
the colder seas. 


3. Order Stomatopoda. 


As in the Cumacea the 
carapace covers only some of 
the anterior thoracic seg- 
ments, the last three or four 
remaining distinct, but the 
abdomen, instead of being 
slender, is even stouter than 
the thorax and ends in a ter- 
minal tail-fin. The anterior 
portion of the head, bearing 
the eyes and the two pairs 
of antennex, is separated from 
and movable upon the rest of 
the cephalo-thorax, and only 
the more anterior thoracic 
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segments are fused with the carapace, though it covers in 
several others. 

The antennules consist of an elongated three-jointed basal 
portion bearing three many-jointed flagella, while the anten- 
nw are generally shorter, the exopodite being represented by 
a large scale. The maxille are comparatively small, and the 
appendages of the five anterior thoracic appendages are 
crowded forwards and are termed maxillipeds, being limb- 
like structures destitute of exopodites, but possessing well- 
developed epipodites, and with the terminal joint capable of 
flexion upon the next succeeding one. The second maxilli- 
ped is especially long and large, and with its strong terminal 
and penultimate joints forms a very efticient weapon for secur- 
ing prey. The three — en of the thorax are 
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Fria. 186.—Squilla mantis (from Levis). 

a = antennules. pm = wmaxillipeds. 

a@ = antenne. = thoracic limbs, 

oc = compound eyes. pa = abdominal limbs. 


slender biramous structures, the somewhat stronger abdomi- 
nal appendages being also biramous and somewhat lamellar 
swimming-feet. The last pair are especially enlarged and di- 
rected backwards, forming with the telson the strong tail-fin. 

Bunches of branchial filaments occur upon the outer lamel- 
le of the abdominal appendages with the exception of the last 
pair. The heart is much elongated, extending from the ante- 
rior thoracic region as far back as the fifth abdominal seg- 
ment and possessing numerous pairs of ostia. Itis prolonged 
anteriorly and posteriorly into aorte and gives off laterally 
in each segment a pair of arteries. 

The Stomatopods are all marine and pass through a com- 
plicated series of metamorphoses during development. Some 
of the principal genera are Squilla (Fig. 186), Lysiosquilla, and 
Gonodactylus, 
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4. Order Decapoda. 


In the Decapods the carapace is well developed, covering 
in the thorax completely (Fig. 162), the segments of that region 
of the body fusing with it dorsally, so that a perfect cephalo- 
thorax is present. The antennules generally possess two 
terminal multiarticulate flagella, and the antenne frequently 
lack the scalelike exopodite which occurs in other groups 
(e.g., Schizopoda). In the second maxille the exopodite is 
transformed into a platelike structure which, swinging to and 
fro, serves to renew the water in the branchial chamber lying 
between the lateral portions of the carapace and the tody- 
walls. On account of this action this appendage is usually 
spoken of as the scaphognathite. The three anterior thoracic 
appendages are maxillipeds, the third one frequently becom- 
ing almost limblike, a characteristic which distinguishes the 
five posterior pairs of appendages which are adapted for walk- 
ing and are hence termed the peretopods. They lack all 
traces of exopodites, though usually bearing epipodites and 
branchie, and a certain number of the anterior ones are fre- 
quently chelate, thus serving for the prehension of food. The 
number of the pereiopods has suggested the name given to 
the order. The abdominal appendages are sometimes want- 
ing or very rudimentary, but when present are biramous swim- 
ming-feet and are hence termed pleopods—a term equally 
applicable in some other groups. 

The branchie lie entirely within the branchial chamber 
and are developed in connection with the thoracic append- 
ages. They may be seated upon the basal joints of the ap- 
pendages (podobranchia), or upon the joint between the ap- 
pendage and the body-wall (arthrobranchia), or finally upon 
the body-wall itself (pleurobranchia). All three kinds may 
occur on the same segment, so that the entire number of gills 
may be much greater than that of the appendages, amount- 
ing in the Lobster to no less than twenty in each branchial 
chamber. 

The heart is a short saclike organ lying in the thorax and 
possessing as a rule three pairs of ostia, one pair being situ. 
ated on the dorsal surface, one upon the sides, and the third on 
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the ventral surface. Arteries pass off from both ends of the 
heart. Otocysts are always developed in the basal joints of 
the antennules. 


1. Suborder Macrura. 


In the Macrura the abdomen is well developed and usu- 
ally as long as the cephalothorax, and is provided with its 
full complement of appendages, the sixth pair forming with 
the telson a tail-fin. Exceptions to these ‘arrangements oc- 
cur ; in the Hermit-crabs, re di lol: which inhabit the empty 
shells of Gasteropod Mol- 
lusks, the abdomen is gener- 
ally soft and unsymmetrical, 
since it is coiled around the 
columella of the shell, but 
terminates in a movable tail- 
fin which serves, together with 
the remaining pleopods and 
the last (and sometimes also 
the penultimate) pereiopod, 
which is bent dorsally, to re- 
tain the animal in the shell. 
The chele of the anterior 
pereiopods are generally un- 
equal in size, serving to oc- 
clude the mouth of the shell, 
and occasionally the abdomi- 
nal appendages of only one 
side are developed. In the 
genus Hippa too the abdomen, 
though with a well-developed 
and calcified cuticle, is short, 
the terminal half being bent 
up under the thorax, the Fie. 187.—A, a voune Lucifer (adapted 
condition characteristic of fom Brooss); B, Hupagurus bern 
the Crabs being thus ap- "7 fer Laux. 
proached. In some forms, such as Sergestes and Lucifer, 
the fourth and fifth pereiopods may be rudimentary or even ab- 
sent, but more usually all these appendages are well devel- 
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oped, the anterior ones becoming chelate. In the Crayfish, 
Cambarus, and the Lobster, Homarus, the first pereiopod is an 
exceedingly strong chela, and the same arrangement is found 
in Alpheus, while in the Shrimp, Palcemonetes, the second pe- 
reiopod is somewhat longer than the first. 

The branchiz are usually numerous and are for the most 
part bunches of cylindrical processes, but in Palemonetes and 
the shrimps and prawus in general, which form the family Ca- 
rididx, and in the Hermit-crabs they are lamellate. In Lucifer 
branchie are entirely wanting. The Macrura are essentially 
marine, a few forms, such as Cambarus and some species of 
Palemon, occurring in fresh water. The genus Birgus, one of 
the Hermit-crabs, commonly known as the robber-crab, is 
almost entirely terrestrial, living in holes in the ground and 
climbing cocoa-nut palms for the sake of the nuts, on which 
it lives. In harmony with its terrestrial life the inner surface 
of the branchial chamber is thrown into folds richly supplied 
with blood-lacunz, alunglike structure, recalling the lungs of 
the Pulmonate Gasteropods, being thus developed. 


2. Suborder Brachyura. 


In the Brachyura the body is exceedingly compact, the 
abdomen being very much reduced in size and usually desti- 
3 tute of a tail-fin, and in addition 

is bent up so as to lie in a groove 
upon the ventral surface of the 
cephalothorax. In some cases 
the cephalothorax is almost glo- 
bular, though prolonged anterior- 
ly into a strong rostral spine, as 
in Libinia, the spider-crab; while 
in other cases it is more flattened 
and triangular in shape and lacks 
a distinct rostrum, as in the 
edible crab, Cullinectes, the lady- 
crab, Platyonychus, and the com- 
mon crab, Cancer, and in others again is more or less 
quadrangular and thicker, as in Pinnotheres, the oyster-crab, 
Ocypoda, the sand-crab, and Grelasimus, the tiddler-crab, The 


(after Emmrton from VERRAL). 
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antennules are small and they and the eyes can be partially 
concealed in a groove on the anterior edge of the carapace. 
The abdominal appendages, with the exception of the anterior 
one or two pairs which are adapted for copulation, are ab- 
sent in the males, while the females generally possess four 
pairs, to which the ova are attached. 

The gills are generally few in number, except in Porcel- 
lana and some allied forms, and are usually lamellate in form. 
While essentially marine in habit, the Brachyura are fre- 
quently more or less terrestrial, the sand-crabs, Ocypoda, and 
the fiddler-crabs, Gelasimus, living in holes in the sand just 
above high-tide mark, while the land-crabs, Gecarcinus, of the 
tropics may live some distance from the sea, migrating to it 
in armies during the breeding-season. A few forms, such as 
the genus Telphusa, are aquatic. 


III. SuspcLtass ARTHROSTRACA. 


The Arthrostraca, with the exception of the small group 
of the Anisopoda, are destitute of a carapace, and the tho- 
racic appendages, with the exception of the first pair, are 
jointed walking-limbs lacking an exopodite. The anterior, 
or in some cases the anterior two thoracic segments fuse 
with the head, the appendages of these segments differing 
from those of the free segments, being modified to assist in 
the process of mastication, whence they are termed mazxilli- 
peds. The abdomen is composed of six segments provided 
with appendages, and of a terminal telson ; occasionally the va- 
rious segments fuse together, and in some forms the abdomen 
is reduced to a small unsegmented structure. Platelike ap- 
pendages attached to the basal joints of some of the thoracic 
limbs form by their meeting and overlapping a brood-pouch 
in which the ova undergo their development. 

The lateral compound eyes are not, except in Zanais, sup- 
ported on stalks, a characteristic which has suggested the 
term Edriophthalmata sometimes applied to the group. 


1. Order Anisopoda, 


The Anisopoda are exclusively marine forms in which the 
two anterior thoracic segments are fused with the head and 
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covered in at the sides by duplicatures of the body-wall, 
which enclose a small respiratory cavity. 

The antennules and antenne are uniramous except in 
Apseudes in which the antennules carry two terminal flagella. 
The palps of the anterior maxillz project into the respiratory 
chamber and serve for cleansing it, and the first thoracic 
limbs, the maxillipeds, bear each an epipodial branchial ap- 
pendage lying in the respiratory chamber. This limb and 
the succeeding one are chelate, the inner angle of the penul- 
timate joint being prolonged into a process against which the 
terminal joint may be apposed. The abdominal appendages 
are biramous swimming-feet in Tanais and Apseudes, the last 
pair being in Anthura especially enlarged to form with the 
telson a terminal finlike structure. 


2. Order Isopoda. 


The majority of the Isopoda are marine, the genus Asellus 
(Fig. 189), however, occurring in fresh water, while Oniscus, 
Porcellio, and Armadillidium are terrestrial, being commonly 
known as Wood-lice or Sow-bugs. The body in all forms is 
more or less flattened dorso-ventrally and only the anterior 
thoracic segment is fused with the head, the remaining seven 
remaining perfectly distinct. There is no trace in the adult 
of a carapace, and the abdominal segments are usually small 
and may be fused more or less completely. 

The maxille are destitute of palps and the maxillipeds 
(mexp) usually fuse together to form a sort of lower lip. The 
remaining thoracic appendages are limblike and do not bear 
any respiratory appendages, though lamelle are attached to 
the basal joints of several of them in female individuals, 
serving to form a brood-pouch. The five posterior abdominal 
appendages are biramous and lamellar (ab), serving both for 
swimming and for respiration, the anterior pair (op) usually 
becoming hard and forming an operculum which covers in 
the posterior more delicate appendages and in the terrestrial 
forms may have branching spaces containing air (trachew) 
ramifying through them. 

The heart (At), in conformity to the position of the respira- 
tory organs, is situated principally in the abdomen, extending 
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forwards only a short distance into the thorax segment. It 
possesses one or two pairs of ostia and is closed’ behind, 
giving off in front and at the sides numerous aorte. A shell- 
gland has been observed in some Isopoda, but the antennary 
gland is wanting. 

Although the majority of the marine forms, such as Idotea 
and Spheroma, lead a free existence, nevertheless there are 
certain parasitic forms. Thus the genera Cymothoa and Atga 
are parasitic on the skin or in the mouth of fishes, but also 
retain the power of swimming and consequently are not much 
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Fig. 189.—Aselius communis, DIAGRAM OF STRUCTURE, 
ab = abdominal appendages. 2 = liver-ceca. 
ao = aorta. mnp = mandibular palp. 
at! = antennule. mxp = maxilliped. 
at? = antenna. r = rectum. 
ce = cerebral ganglion. 8 = stomach. 
ch = chelate limb. = thoracic appendage. 


At = heart. on = ventral nerve-cord. 


modified. The genus Bopyrus, which lives in the branchial 
cavity of shrimps, becomes in the female somewhat distorted 
in shape and asymmetrical, and the mouth-parts become 
transformed into a suctorial proboscis and the eyes disap- 
pear. The male, however, which is much smaller than the 
female, retains the eyes and does not depart from the usual 
symmetrical body form. The degeneration of the female 
proceeds much farther in the genus Entoniscus, which lives 
either partly or wholly included within the body-cavity of 
other Crustacea and assumes a saclike unsymmetrical form, 
recalling to a certain extent that of some of the parasitic 
Copepoda. At the time of pairing both sexes are alike fully 
segmented and with an almost full complement of appendages. 
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After copulation, however, the female assumes the degener- 
ated form, while the male dies. 


3. Order Amphipoda. 


Like the Isopoda these are essentially marine forms, 
though the genus Gammarus is aquatic and Orchestia 
(Fig. 190) partly terrestrial, living among the wrack on sea- 
beaches just beyond the reach of the waves. The body in 
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Fie. 190.—Dra@Ram OF STRUCTURE OF Orchestia cavimana (after NEBESKI). 


at = antennule. m = mouth. 

a? = autenna. mt = Malpighian tubule. 

br = branchia. oc = eye. 

ce = cerebral ganglion. r = rectum. 

ch = chelate limb. rd = reproductive duct. 

ht = heart. ro = reproductive organ. 
2 = liver-ceca. on = ventral nerve-cord. 


the Amphipoda is laterally flattened and presents therefore a 
very different appearance from that of the Isopoda, though, 
as in that group, lacking all traces of a carapace. The first 
thoracic segment is fused with the head, and in Caprella and 
Cyamus the second segment likewise. The appendages of the 
head and the maxillipeds resemble those of the Isopoda, and 
the remaining thoracic appendages are limblike, a certain 
number of the anterior ones frequently possessing a terminal 
joint capable of flexion upon the succeeding one, or even 
being chelate The five posterior limbs or the third and 
fourth only bear epipodial lobes which serve as branchis, and 
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a number of the limbs also in females bear lamelle which 
may enclose a brood-pouch. The three anterior abdominal 
limbs are biramous and serve for swimming, while the three 
posterior ones, also biramous, are frequently directed back- 
wards and serve as springing organs, the springing powers of 
Orchestia having gained for it the name of the Beach-flea. In 
Caprella, which crawls about over colonies of Hydroids and 
Polyzoa, and Cyamus, which is parasitic upon the skin of 
whales, the abdomen becomes almost rudimentary and is des- 
titute of appendages. 

The heart (At) lies in the thoracic region in the anterior 
five or six segments and possesses from one (Corophiwm) to 
three ostia. It is prolonged into an aorta at either end. In 
connection with the mid-gut portion of the digestive tract, in 
addition to the four so-called liver-ceeca (I) is a pair of gland- 
ular ceca which seem to be excretory in function and have 
been termed Malpighian tubules (mt). An antennary gland 
occurs, but the shell-gland is apparently unrepresented in 
adults. 

Development of the Crustacea.—The majority of the Crus- 
tacea pass through a more or less complicated series of 
metamorphoses, the larval forms being highly suggestive 
when studied from the phylogenetic standpoint. A few forms, 
especially those inhabiting fresh water, abbreviate their de- 
velopment considerably, so that the young animal when it 
leaves the egg practically may differ from the parent only in 
size (Cambarus), and among the higher forms the development 
is generally abbreviated to the extent that a greater or less 
number of the larval stages, characteristic of lower forms, are 
passed through while the young animal is still within the egg- 
membrane, only the final stages being free-swimming. 

Throughout the Entomostraca the first larval form which 
hatches from the egg is termed the Nauplius (Fig. 191) and 
differs markedly from the adult, chiefly, however, in the small 
number of appendages it possesses. The body in typical 
forms shows no trace of segmentation and possesses a single 
median eye generally x-shaped. But three pairs of limbs 
are present, which become transformed later into: the anten- 
nules, antenne, and the mandibles of the adult. The Naupliar 
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antennules are uniramous and, like the other limbs, but indis- 
tinctly jointed, the antennules and mandibles being, however, 
biramous and possessing strong sete at their bases which 
function as jaws, though both pairs of appendages are essen- 
tially locomotor. Judging from the appendages, therefore, the 
Nauplius may be regarded as consisting of five segments, one 
corresponding to the prostomial lobe of Annelids and contain- 
ing the primitive cerebral ganglion (archicerebrum), one cor- 


Fie. 191.—Navpiius or Cetochilus septentrionalis (after Groeen). 


responding to each pair of appendages and one to the region 
of the body behind the mandibles. 

A Nauplius of this simple form may be regarded as typical 
and is that which is found in the majority of the Copepoda and 
in the Cirrhipedia as well as in some Branchiopoda (Zstheria, 
Limnadia). In the Ostracoda the arrangement of the limbs 
and segments is the same, but the bivalved shell characteristic 
of the adult is already developed, giving the Nauplius an ap- 
pearance very different from that of the Copepoda. Not un- 
frequently, however, as for instance in Apus among the 
Branchiopoda, and Zeptodora among the Cladocera (the re- 
maining Cladocera, so far as is known, leave the egg with the 
adult form), the Nauplius, though possessing only the three 
pairs of appendages, yet shows indications in the post-mandib- 
ular region of a varying number of additional segments, and 
to this form it is convenient to apply the name Jetanuuplius. 

Asarule in the Entomostraca further development con- 
sists of a series of moults (ecdyses), an increase in the number 
of segments and appendages and modifications of the latter 
taking place at each ecdysis, until the adult form is attained. 
No special larval forms beyoud the Nauplius are common to 
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all the members of the class, and it is only in the Cirrhipedia 
that a second definite larval form can be distinguished, the 
Cypris-larva, to which attention has already been called (p. 399). 

In the Malacostraca the occurrence of a free-swimming 
Nauplius is the exception rather than the rule, and indeed 
larval forms are practically wanting in some groups, such as 
the Leptostraca and Arthrostraca, and in certain species or 
families of other groups (eg. Myside, Cambarus). In the 
genus Penceus among the Decapods, and in Luphausia among 
the Schizopods, a typical free-swimming Nauplius occurs, and 
in Lucifer the embryo leaves the egg in the form of the Meta- 
nauplius. Inthe majority of forms these stages are passed 
over while the embryo is still within the egg-shell, and it 
hatches only when it has acquired a greater degree of develop- 
ment. In such forms as Peneus, Huphausia, and Lucifer the 
_Metanauplius stages pass into what is termed the Protozoéa 
(Fig. 192, A) a stage also passed over within the egg by the 


Fig. 192.—A, Protozo#a or Luctfer (after Brooxs); B, Zoia or Palemonetes 
(after Faxon). 


At’ = antennule. m = mandible. 
Af? = antenna. ma, ma? = maxille. 
¢ = cerebral ganglion. mp, mp? = maxillipeds. 
# = compound eye. oc = simple eye. 
= heart. r = rostrum. 


8s = stomach. 


majority of Malacostracans, though occurring as the first 
larval stage of some Stomatopods. It is characterized by the 
development of two maxille and the two or three anterior 
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thoracic appendages in addition to those already present in 
the Nauplius, and furthermore by the distinct separation of 
the body into an anterior cephalo-thoracic portion covered by 
a carapace and a posterior abdomen which is usually but 
imperfectly segmented. This stage is succeeded sometimes 
after two or more ecdyses by the Zoca (Fig. 192, B), a stage in 
which the majority of Decapoda leave the egg. It is distin- 
guished from the Protozoéa principally by the perfect segmen- 
tation of the abdominal region, though it still possesses no 
appendages, unless it be rudiments of the sixth pair, and it 
is furthermore characterized by the compound eyes being 
stalked, a feature but slightly indicated in the Protozoéa, in 
which stage they make their appearance. The Zoéa stage in 
the Brachyura is generally characterized by the development 
of spines, sometimes of enormous length (Porcellana), upon the 
dorsum and sides of the carapace. 

In such a form as Huphausia the next stage is the adult, 
but in the Decapods other larval stages intervene before the 
adult condition is reached. The first of these is characterized 
in the majority of the Macrura by the appearance of the re- 
maining thoracic appendages which were unrepresented in 
the Zoéa, in the form of biramous structures closely resem- 
bling the thoracic appendages of the Schizopoda, whence the 
stage is generally termed the Mysis stage (Fig. 193). The 


Fig. 193.--Mysts stage or Logster, Homarus americanus (after §, I. SMrrH). 


abdominal appendages also develop daring this stage. 
Among the Hermit-crabs (Paguridx) and the Brachyura the 
development is to a certain extent abbreviated, the pereiopods 
never being represented by biramous appendages, but being 
from the first uniramous, and in these forms therefore a 
true Mysis stage never occurs. To the corresponding stage, 
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or rather to one in which the pereiopods are indicated but 
not fully developed, the term Metazoéa is applied. Further- 
more in certain Macrura, such as Scyllarus and Palinurus, the 
Mysis stage is represented by peculiarly-shaped transparent 
larve which have been termed Phyllosoma, or glass-crabs. 
The carapace is divided into two portions, of which the an- 
terior or larger covers in the head region and the posterior 
the thorax, the body being throughout flat and the ab- 
domen very small. The pereiopods, of which in the earliest 
stages there are but three, are biramous, and the first maxil- 
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Fig. 194.—MerGanopa-staGE oF Cancer irroratus (after EMERTON from VERRILL). 


i 
i 


) 


HW 


iN | 


| 


lipeds are either entirely wanting or very rudimentary. Dur- 
ing successive ecdyses the missing appendages are gradually 
developed, though the actual transformation of the Phyllosoma 
into the youngest Scyllarus or Palinurus stage (which is de- 
cidedly smaller than the oldest Phyllosoma) has not yet been 
observed. 

The change from the Mysis stage to the adult is usually 
gradual, and no specially definite larval forms are to be found 
as a rule among the Macrura. In the Brachyura, however, 
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the Metazoéa becomes transformed into a well-marked form, 
the Megalopa (Fig. 194), so called trom the usually large size 
of the cephalothorax. It resembles closely a Macruran, 
differing only in the abdomen being relatively small, and 
becomes converted into the adult form by the doubling of 
the abdomen beneath the thorax. A Megalopa stage occurs 
also in the Hermit-crabs, but is not so well marked off 
from the young fully-formed animals as in the Brachyura. 


Affinities of the Crustacea.—The relationships of the higher groups of 
the Malacostraca to one another are clearly shown by their larval forms, 
the Megalopa showing the origin of the Brachyura from Macruran forms, 
and the Mysis stage that of the latter from Schizopod ancestors. When 
attempts are made to go still further difficulties stand in the way. As 
regards the Stomatopoda it is to be noted that they pass through a stage, 
the Hrichthus, in which the thoracic appendages which are present are 
biramous, and it seems probable that both they and the Cumacea are re- 
ferable back to Schizopod ancestors. The Arthrostraca, on the other hand, 
are probably traceable to Cumacealike ancestors, while the Leptostraca 
represent more nearly the Entomostracan ancestors than any other group, 
though widely differentiated from them in certain particulars. It is even 
still more difficult to trace out relationships of the various Entomostracan 
orders, but it seems fairly clear that Phyllopodan forms such as Apus are 
to be considered as representing more nearly than any others the primitive 
Crustacea. 

As regards the affinities with other groups very interesting questions 
arise, two possibilities seeming to be open. According to one the Crustacea 
have been derived directly from segmented Annelids, through forms repre- 
sented in a modified condition to-day by Apus. The lobed appendage of 
Apus is a moditied parapodium, and the segmentation of the body has been 
inherited. What then as to the Nauplius? According to this view it has 
practically no ancestral significance, or at best can be considered only as 
representing a Trochophore larva highly modified and with many adult 
characters thrown back upon it. This latter idea does not seem, however, 
to agree with the facts, since the Trochophore is an unsegmented structure 
and can be comparable only to the prostomial and first appendage-bearing 
segments of the Nauplius. In other words, the Nauplius is comparable, 
if comparable at all, to a Trochophore p/is certain additional segments, 
It has recently been suggested that possibly the Nauplius may represent 
not the Trochophore but the larval Annelid with three parapodia, which, as 
indicated (p. 215), is a well-marked stage in the development of many 
Polychaeta. The number of segments is apparently similar in the two 
forms, and the idea is plausible. If, however, in all Crustacea a ganglion, 
representing a segment, intervenes between the archicerebral ganglia and 
the antennulary (see p. 378), then the Nanplius has potentially one seg- 
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ment more than the Annelid larva and the comparison will not hold. If 
the direct Annelid origin is to be accepted, it seems most satisfactory at 
present to regard the Nauplius as a secondarily acquired larval stage 
without any ancestral significance. 

Another suggestion has, however, been made which gives the Nauplius 
a significance and traces the Crustacea back to unsegmented ancestors. It 
is to the effect that the Nauplius can be referred to Rotiferlike ancestors, 
the remarkable Hexarthra with its six processes being supposed to indi- 
cate the line of descent. It is exceedingly doubtful, however, whether 
this similarity can be regarded as anything more than a superficial one 
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I. Class ENToMostraca.—Number of segments varies ; abdomen without 
appendages ; larva a Nauplius. 

1. Order Phyllopoda.Number of segments variable; appendages 
with branchiz. 

1. Suborder Branchiopoda.—Body plainly segmented and seg- 
ments of thorax more numerous than six. Apus, Branchipus, 
Estheria, Limnadia, Limnetis. 

2. Suborder Cladocera.—Body indistinctly segmented ; with bi- 
valved shell; four to six thoracic appendages. Daphnia, 
Moina, Sida, Evadne, Polyphemus. 

2. Order Ostracoda.—With bivalved shell; body indistinctly seg- 
mented ; two thoracic appendages. Cypris, Cythere, Cypri- 
dina, Halocypris. 

3. Order Copepoda.—Without shell; five pairs of thoracic limbs; 
many forms parasitic and degenerate. 

1. Suborder Hucopepoda,—First thoracic segment only fused with 
head; abdomen cylindrical and segmented except in highly 
degenerated forms. Cyclops, Canthocamptus, Harpacticus, 
Calanus, Cetochilus (free-swimming) ; Notodelphys (commen- 
salistic) ; Coryceus, Sapphirina, Ergasilus, Caligus, Panda- 
rus (partly parasitic) ; Philichthys, Penelia, Lernea, Chon- 
dracanthus, Achtheres, Anchorella (parasitic). 

2. Suborder Branchiura.—All thoracic segments fused with head ; 
abdomen small and lamellar, partly parasitic. Argulus. 

4. Order Cirrhipedia.—Sessile or parasitic; segmentation indis- 
tinct ; six pairs of thoracic appendages ; pass through Cypris 
stage. Lepas, Scalpellum, Ibla, Balanus (sessile) ; Alcippe, 
Cryptophialus (boring); Proteolepas, Sacculina, Laura, 
Dendrogaster (parasitic). 

II. Class MaLacostraca.—Number of segments constant ; thoracic seg- 
ments eight, abdominal seven or eight. 
1. Subclass Leptostraca.—With bivalved shell; abdomen with eight 
segments. NVebalia. 
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2, Subclass Thoracostraca.—With carapace covering the whole or a 
part of the thorax ; abdominal segments seven. 

1. Order Schizopoda.—Thorax completely covered ; thoracic append- 
ages biramous. Mysis, Euphausia, Siriella. 

2. Order Cumacea.—Last four or five thoracic segments not covered 
by the carapace; eyes sessile or rudimentary. Diastylis, 
Campylaspis. 

3. Order Stomatopoda.—Last three or four thoracic segments not 
covered by the carapace; eyes stalked; five maxillipeds. 
Squilla, Lystosquilla, Gonodactylus. 

4, Order Decapoda. — Thorax completely covered; five posterior 
appendages uniramous and three maxillipeds; otocysts in 
antennules. 

1. Suborder Macruwra—Abdomen usually well developed. Ser- 
gestes, Lucifer, Peneus, Palemonetes, Alpheus, Cambarus, 
Homarus, Eupagurus, Birgus, Hippa. 

2. Suborder Brachyura.—Abdomen small and concealed beneath 
cephalothorax more or less perfectly. Porcellana, Libinia, 
Callinectes, Platyonychus, Cancer, Pinnotheres, Ocypoda, 
Gelasimus, Gecarcinus. 

8. Subclass Arthrostraca.—No shell or carapace as a rule; with seven 
(or six) walking-limbs ; eyes sessile. 

1. Order Anisopoda,—Carapace slightly developed ; first two tho- 
racic segments fused with head ; branchie on anterior maxille. 
A seudes, Tanais, Anthura. 

2. Order Zsopoda.— No carapace ; first thoracic segment fused with 
head ; body flattened dorso-ventrally ; branchise on abdomi- 
nal appendages. Asellus, Oniscus, Porcellio, Armadillid- 
tum, Idotea, Spheroma (free); Cymothoa, Aga, Bopyrus, 
Entoniscus (parasitic). 

8. Order Amphipoda.—No carapace, first thoracic segment fused 
with head; body flattened laterally ; branchiw on thoracic 
appendages. Gammarus, Orchestia, Corophium, Cyamus, 
Caprella. 
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APPENDIX TO THE TYPE CRUSTACEA. 


Order Xiphosura, 


The Xiphosura is a group which possesses many Crus- 
tacean peculiarities, and also many foreign to that group and 
more especially characteristic of the Arachnida; consequently 
it is advisable to consider it as an order by itself, intermediate 
between the two types. 

A single genus, Limulus (Fig. 195), with few species consti- 
tutes the order, the members of which are popularly known 
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as King-crabs or Horseshoe-crabs. They are large forms 
measuring a foot or so in diameter, and the body is composed 
of three portions. The anterior is a broad semicircular ceph- 


ep 


| 


Fie. 195.—Limulus polyphemus, FEMALE, FROM THE VENTRAL SURFACE. 


ab = abdomen ep = cephalothorax, 
an = anus. ol = olfactory organ. 
ch = chelicera. op = operculum, 

cht = chilarium. sp = spine. 


alothorax (cp), prolonged backwards into sharp points at its 
posterior angles and bearing upon its dorsal surface a pair of 
compound eyes towards the sides and near the median line 
two simple eyes. The middle region is the abdomen (ad), 
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showing but faint indication of segmentation, and bearing on 
its terminal segment the anus, behind which is a long mova- 
ble spine (sp), the post-abdomen, forming the third region 
and to be regarded probably as a movable prolongation of 
the dorsum of the last abdominal segment. 

The cephalothorax bears seven pairs of appendages. The 
first pair, the chelicerce (Fig. 195, ch), which lie in front of the 
mouth, are small and, like the following four pairs, are chelate. 
These together with the sixth are much longer and surround 
the mouth, their basal joints being provided with strong bris- 
tles and serving as Jaws. The sixth pair of appendages differ 
from their predecessors in not being chelate and in possessing 
upon their basal joints a peculiar process which has been 
termed the flabellum and by some is regarded as representing 
an exopodite' The seventh pair of appendages is very differ- 
ent from the others, forming a broad flat plate, the two 
appendages of the opposite sides meeting in the middle line. 
‘This plate covers in the abdominal appendages to a certain 
extent and hence is termed the operculum (op). The abdom- 
inal appendages, of which there are five pairs, resemble the 
operculum in form, and like it allow an external larger exopo- 
dite and an inner smaller endopodite to be distinguished. 
They carry upon their posterior surfaces series of large leaf- 
like, thin-walled folds which function as branchie. 

The heart (Fig. 196, ht) is an elongated tubular organ lying 
in the posterior part of the cephalothorax and the anterior 
part of the abdomen, and possesses eight ostia. Arteries 
arise from it which. carry the blood to various parts of the 
body, eventually, however, opening into the general lacunar 
system. The blood has a distinct bluish color which deepens 
on exposure to the air and is due to a copper-containing 
respiratory pigment, hemocyanin. 

The body is enclosed in a hard chitinous cuticle, and in 
addition a peculiar fibro-cartilaginous plate, the endosternite, 
is found in the cephalothorax between the intestine and the 
nervous system. It is formed by the fusion of a number of 
tendons and may be regarded as an endoskeleton. 

The mouth is an elongated opening lying between the 
bases of the anterior cephalothoracic appendages and is 
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bounded behind by a pair of processes which represent a 
lower lip and are known as the chilaria (Fig. 195, chi). The 
cesophagus passes upwards and forwards and dilates into a 
large proventriculus (Fig. 196, pr) in the front part of the 
cephalothoracic shield, and this, bending upon itself and 
constricting again, opens into the stomach (s), from which the 
intestine (i) passes straight back to open on the ventral sur- 
face of the body at the base of the terminal spine. The inner 
wall of the hind-gut, cesophagus, and proventriculus is lined 
by chitin, which in the last-named structure is thrown into 


Fie. 196.—LoneirupinaL SEcTION THROUGH A younG Limulus polyphemus, 
DIAGRAMMATIC (after PacKaRD). 


ce = cerebral ganglion. ¢ = liver. 
At = heart. pr = proventriculus. 
Z = intestine. s = stomach. 


on = ventral nerve-cord. 


folds and recalls the masticatory apparatus in the stomach 
of the Decapodous Crustacea. Into the stomach there open 
the ducts of two pairs of voluminous digestive glands (I) 
which occupy the greater portion of the cephalothorax and 
are much branched greenish structures. 

The nervous system consists of a syncerebrum (ce) com- 
posed apparently of three pairs of ganglia. It lies in front of 
the oesophagus, sending branches to the compound and simple 
eyes. Behind the csophagus and united with the syncere- 
brum by circumossophageal connectives comes a series of 
seven pairs of ganglia closely approximated, the first pair 
innervating the chelicerw and the remaining six the other 
thoracic limbs in succession. A chain of six pairs of ganglia 
lying in the abdomen is connected with the cephalothoracic 
series and innervate the abdominal appendages. 
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As already noticed, a pair of simple eyes are borne upon the 
dorsal surface of the carapace, one on each side of the median 
line, while a pair of larger compound eyes are situated lat 
erally. The structure of these compound eyes is peculiar 
(Fig. 197). Over their surface the cuticle is considerably 
thickened and shows upon the outer surface no indication of 
corneal facets, but its inner surface is prolonged into a num- 
ber of papillee (7) each one of which projects into a depression 

of the ectoderm. At the bottom of each depression is a bulb- 


Fig. 197.—Compounp Eve or Limulus polyphemus, Two OMMATIDIA (after 
WatTAsE). 


e = central cell. ms = mesoderm, 
2 = lens. opn = optic nerve. 
rt = retinula. 

like structure composed of a number of cells arranged in a 
circle and constituting a retinula (rt), the lower ends of the 
cells being continued inwards to form part of the optic nerves 
(opn). Upon the face which is turned towards its fellow each 
retinular cell secretes a layer of chitin, and these various chit- 
inous rods being in contact there is formed a structure com 
parable to the rhabdom of the Crustacean eye. In the centre 
of the retinular cells and below the rhabdom is a single clear 
cell (c) whose lower end is also prolonged into a nerve-fibre. 
Each depression with its retinula and the chitinous papilla 
which fits into it and represents its cornea is an ommatidium, 
and the development shows that the ommatidia arise as 


432 INVERTEBRATE MORPHOLOGY. 


number of separate invaginations of the ectoderm, the sides 
of the retinular cells which secrete the rhabdom being in 
reality those sides which before invagination were at the 
surface of the body, and the rhabdom may therefore be 
regarded as composed of portions of the general cuticle which 
have been separated by the invagination. 

On the under surface of the carapace in the median line 
in front of the chelicere is a small tubercle (Fig. 195, ol) 
which contains an organ supposed to be olfactory in function, 
and probably some of the sete upon the basal joints of the 
limbs may also possess a similar function. 

Nephridia are represented by a single pair of large 
reddish bodies lying at the sides of the cephalothorax. They 
have no communication with the exterior in the adult, but in 
the early stages of development open upon the basal joint of 
the fifth appendage, and are at first tubular organs and 
nephridialike, later becoming much contorted and complex. 
What their function in the adult may be is uncertain, and to 
avoid possible misconceptions it seems preferable to speak 
of them as coxal glands, a term indicating their original point 
of opening on the basal joints (cox) of one of the pairs of 
limbs. 

The Xiphosura are bisexual, the genital ducts opening on 
both males and females on the posterior surface of the oper- 
culum near its base. The ovaries are much branched paired 
structures, the various branches frequently anastomosing 
even across the median line. The testes are numerous 
spherical bodies scattered through the body and situated on 
branching and anastomosing vasa deferentia. 

Development and Affinities of the Xiphosura.—When the 
young Limulus leaves the egg it presents a remarkable resem- 
blance to a Trilobite and suggests a possible aftinity with 
these forms which are known to occur only in the Paleozoic 
rocks. In these same rocks there occur also the remains of 
forms known as the Hurypteride which seem to have been 
even more nearly related to Zimulus than were the Trilobites. 
In them the cephalothorax bore apparently only six pairs of 
appendages which resembled more or less closely those of 
Limulus, except that the sixth pair was broad and oarlike, 
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probably serving for swimming. The abdomen was com- 
posed of twelve segments, the anterior six of which were 
much more massive than the others and bore five pairs of 
platelike appendages on whose posterior surface were the 
branchie. The terminal segment bore a spine or finlike 
structure. Such a form as this, represented by the genus 
Eurypterus (Fig. 198), presents strong similarities to Limulus 
and also to the Scorpions, bearing out 
the numerous similarities of structure 
occurring between Limulus and those 
forms. This side of the affinity may 
be postponed, however, until the 
next chapter, and the comparison of 
Limulus with the Crustacea discussed 
here. Its chitinous cuticle, its jointed 
and biramous appendages, and its 
branchial respiration show similari- 
ties to the Crustacea, as do also the 
form of the heart and the compound 
eyes. Whether or not the coxal 
gland is comparable to the shell- 
gland is at present uncertain, but the 
other similarities are sufficient to 
justify the recognition of a Crusta- 
cean origin for Zimulus. It forms Fre. 198 —Hurypterus remipes 
indeed a connecting link between the Pen ene 
Crustacea and the Arachnida, presenting probably on the 
whole more affinities with this latter group than with the 
former. 

Since, however, a Crustacean ancestry is probable, a com- 
parision of the appendages of Limulus with those of a repre- 
sentative of the ancestral group ought to be possible. It has 
already been noticed that the brain of Zimulus is a syncere- 
brum composed of three segments; it represents, therefore, 
two segments of which the appendages and other parts have 
disappeared. Furthermore, recalling that, in the higher 
Crustacea at least, a ganglion occurring between the cerebral 
antennary ganglia in the embryo indicates a lost pair of 
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appendages in these forms, the following table may represent 
the homologies of the appendages of the two groups. 


_ Crustacean, Limulus, 

1 segment.......... no appendage no appendage 

2, ce imaee eee 6c ii iT7 66 

3 eS ....., antennules s fs 

4 SS cis areas antennee chelicerze 

5 E> Bigeoteaesds. mandibles 1st pair of legs 

6 BOD basate Sedan 1st maxillee 9 « « «& 

7 ames ad. * Sd. om 

Bm.  owuaweta .. 1st thoracic appendages 4th “ “« « 

9 eo ee 2d “ a Dthy ie ae = £8 
10 6 Mie sie Od « fe operculum 
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CHAPTER XIV. 
TYPE ARACHNIDA. 


Tue Arachnida are essentially terrestrial forms, for though 
a few species lead an aquatic or marine life, they are evi- 
dently descendants of forms which led a terrestrial existence 
and have only secondarily acquired the power of living under 
water. In all members of the group the body is covered by 
a more or less thick chitinous cuticle and the appendages are 
as a rule jointed. 

A characteristic feature of the group is the fusion of the 
head and thorax to form an unsegmented cephalothorax bear- 
ing usually six pairs of limbs. The first pair of these are 
the chelicere (Fig. 201, ch), composed of one to three joints 
and terminated either by a claw or a chela; they lie in front 
of the mouth, which is bounded at the sides by the basal 
joints of the second pair of appendages, the pedipalps ( pe), 
which may be long and limblike, or chelate, or in some cases 
clawlike, their basal joints serving in all cases as mandibles, 
Behind these follow four pairs of legs composed of six or seven 
joints, the basal joint being termed the coxa, the next, usually 
short, the trochanter, the third the femur, the next two to- 
gether form the tibia, then follows in some forms a metatarsus, 
while the terminal one, provided with two claws, termed 
ungues, and in some mites also with a suctorial disk, consti- 
tutes the tarsus. Variations from this structure of course 
occur, the chelicere, for example, in some mites being re- 
duced to short stylets, and in others the two posterior pairs of 
legs may be quite rudimentary (Phytoptus). The most impor- 
tant variation is, however, that found in the members of the 
order Solifuge, in which a head is distinctly marked off from 
a thorax composed of three segments. 

The abdomen in some forms is segmented, in others all 
trace of the segmentation is lost, and, finally, in the Mites it 
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may be united with the cephalothorax. In the Scorpions it 
is divisible into an anterior portion, the preabdomen, much 
broader and stouter than the posterior postabdomen, an ar- 
rangement also indicated in certain other forms. In the 
adults the abdomen is usually destitute of appendages, though 
they may be present in the embryos; the Scorpions, however, 
possess two highly-modified pairs, and it seems probable that 
the four or six papille upon which the ducts of the spinning- 
glands open in the Spiders represent also modified append- 
ages. 

A special respiratory system is entirely wanting in a few 
forms. In the majority there occur on the sides of the body 
from one to four pairs of pores termed stigmata (Fig. 201, st). 
In the Scorpions and some other forms each stigma opens 
into a cavity lined with chitin 
continuous with that which covers 
the general surface of the body, 
and into this cavity there project 
a number of lamelle arranged 
like the leaves of a book (Fig. 
= 199), whence the term lung-books 
frequently applied tothem. Each 
lamella is hollow, trabecule ex- 
tending across the cavity from 
one wall to the other, and the 
cavities communicate with the 
coelomic lacune, so that blood can 
; readily flow into them and so 
Fie. 199.—TRANSVERSE SECTION change its gases through the thin 

rHRoveH tHe Lune-Boox or a Walls of the lamelle. In other 


SPIDER (after McLzop). cases there occurs in connection 
ch = sel tissue. with the lung-book apparatus, or 
= body-wall. * ce * 
ad : else entirely replacing it, a tra- 


lp = pulmonary lamella. poe 
st = stigma. cheal system consisting of a num- 


t= last compartment of lung-ber of tubes ramifying through 
book, trachealike in char-the body. In some cases a strong 

acter. . 
tube or trachea arises at each 
stigma and traverses the body, giving off branches to all parts 
as it goes; in others there is in connection with each stigma 
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a bunch of unbranched trachex, and all gradations between 
these two conditions occur. The trachee are lined with 
chitin, which is sometimes thickened to form rings or spiral 
bands which serve to keep the lumen of the tubes open and 
thus permit a free passage of air into them. 

The ccelom is filled for the most part with the various 
organs and is reduced to a series of lacunar spaces containing 
blood, sometimes rich in hemocyanin and assuming a blue 
color when oxygenated. A heart is wanting in some Mites, 
but is present in the majority of forms, varying from a saclike 
organ with a single pair of ostia guarded by valves to an 
elongated cylinder with as many as eight pairs of ostia (Scorpi- 
ons). Itis for the most part situated in the abdominal region, 
and in the Spiders is enclosed within a space with definite 
walls which is termed the pericardium, though it cannot be 
considered homologous with the pericardium of the Mollusca, 
since it contains blood; muscle-bands extend from it to the 
walls of the body and by their contraction cause its expan- 
sion, fibres in its wall diminishing its cavity and forcing the 
blood through the ostia into the heart. Arteries in many 
forms arise from the heart, but after usually a short course 
open into the lacunar ccelom. 

The digestive tract pursues a more or less straight course 
through the body, but shows a tendency to develop cecal out- 
growths which sometimes reach a considerable size. _ The 
anterior and posterior portions of the tract are ectodermal, 
while the middle region or mid-gut is endodermal and is the 
portion with which the cceca are connected. In the Scorpi- 
ons the ducts of a digestive gland open into the mid-gut, and 
in many forms there is connected with the posterior portion 
of this same region a pair of tubular Malpighian vessels 
which are presumably excretory in function and recall the 
similar structures of the Amphipoda. The end-gut is fre- 
quently dilated into a large bladderlike structure, the rectal 
bladder. 

The nervous system consists of a supracesophageal syn- 
cerebrum composed of three pairs of ganglia fused together, 
and in some forms even four pairs may be included, since the 
chelicerss may be innervated from the mass, their ganglia in 
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embryonic life being, however, distinct and postoral in posi- 
tion, only later moving forward. The succeeding ganglia are 
generally more or less fused, and indeed in some forms all 
the ganglia of the limb-bearing segments of the cephalothorax 
may be united with those of the abdominal region to form a 
single ganglionic mass. In some forms a single ganglion 
occurs behind this mass at the junction of the cephalothorax 
and the abdomen, and in the Scorpions there is posteriorly a 
ventral nerve-cord with seven pairs of ganglia, the anterior 
pair corresponding with the fifth abdominal segment. A 
sympathetic nervous system occurs in the Scorpions, Spiders, 
and Harvest-spiders, consisting of a nerve arising from the 
syncerebrum and passing to the digestive tract. 

Hairs situated upon the body and appendages serve as 
sense-organs of touch and apparently also of audition, since 
Spiders are sensitive to air-vibrations and possess no definite 
auditory organs. Eyes are very generally present and vary 
considerably in number, there being in the Spiders three or 
four pairs; in the Scorpions, in which there are from two to 
six pairs, one pair become closely approximated on each side 
of the mid-line and recall the median eyes of Limulus, while 
the remaining pairs are situated more to the sides of the 
cephalothorax. In structure the median eyes differ from the 
lateral ones; the chitinous cuticle is thickened over them to 
form a simple unfaceted lens below which lies a layer of 
transparent cells continuous with the general ectoderm (hypo- 
dermis) of the body and which may be termed the corneal 
hypodermis, though more usually they are known as the 
vitreous cells. Below them comes the retina, consisting of a 
single layer of elongated cells with their nuclei situated 
toward their inner ends, with which the fibres of the optic 
nerve come into connection. The various retinal cells are 
arranged in groups of five (retinule), which secrete a thin 
chitinous rod upon their contiguous faces, producing thus a 
rhabdom composed of five parts. Behind the retina is a thin 
layer of cells, the postretinular layer, and numerous pigment- 
cells occur between the various retinule. The lateral eyes 
are constructed upon a very different plan, lacking a corneal 
hypodermis between the retina and the cornea. They are 
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cup-shaped structures, the cavity of the cup being filled by 
the cuticular cornea and its wall transformed into the retina, 
which is continuous at the margins of the cup with the gen- 
eral hypodermis. The retinal cells are of two kinds, viz., 
large sensory cells and smaller interstitial cells. Each sen- 
sory cell is surrounded by pigment and bears upon its lateral 
walls a chitinous secretion which, with the corresponding 
secretion of contiguous cells, forms a rhabdom. The nuclei 
of the cells are situated nearer their inner than their outer 
ends, and behind them in Huscorpius highly refractive spheres 
occur imbedded in the cells, constituting what have been 
termed the phaospheres. Upon its inner wall the retina is 
lined by a basement-membrane continuous with that lying 
below the general hypodermis and perforated by the fibres of 
the optic nerves which come into contact with the inner ends 
of the sensory cells. 

In the Spiders, in which there are six or eight eyes arranged 
upon the dorsum and sides of the cephalothorax, the ante- 
rior dorsal pair differs in structure from the remaining ones. 
In both forms of eyes (Fig. 200) the cuticular cornea (c) rests 


Fig. 200.—Eyrs or Sprper. A, ANTERIOR, AND B, PosTERIOR Eve (after 
BgertTKau from KorscHeExLT and HEIvER). 
b = rods. ” = retina. 
2 = lens. t = tapetum lucidum. 
»® = Vitreous layer. 


upon a corneal hypodermis, (the vitreous cells, v), but the 
arrangement of the retina differs greatly. In the anterior 
dorsal pair (A) it is composed of a layer of elongated cells (r) 
whose nuclei are situated towards their inner ends, while near 
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the outer ends are situated a number of rodlike bodies (rhab- 
doms, 6), whence these eyes have been termed prebacillar ; 
the nerve-fibres are continuous with the inner ends of the cells. 
In the posterior dorsal and lateral eyes (£2) an inversion of 
the retina (r) has taken place, so that the rods (0) are situated 
at the apparently inner ends of the cells and the nuclei at 
their outer ends, whence the term postbacillar applied to 
these eyes. The optic nerve-fibres enter at the sides of the 
eye and are distributed to the nuclear ends of the retinal 
cells, recalling the arrangement occurring in Pecten among the 
Mollusea. The innermost layer of the eye upon which the 
ends of the rods rest is cellular, numerous minute crystals 
being deposited in the cells, whence it has the function of a 
reflector and is termed the tapetum (t). It is quite wanting in 
the prebacillar eyes. 


The significance of the structure of the Arachnid eye may be under- 
stood by supposing it to have been derived from a compound eye similar to 
that of Limulus (see p. 431), the individualities of the various ommatidia 
being more or less subordinated. The cuticular cornea in Limulus is 
smooth upon its outer surface, the inner surface being produced into 
papille, one of which corresponds to each ommatidium. In the Arachnids 
even these papillae are wanting, the cornea showing no evidence of the 
presence of ommatidia. The lateral eyes of the Scorpions approach more 
nearly in their general structure the eyes of Limulus, though the conden- 
sation of the ommatidia has been carried further than in the median eyes” 
of that form, or in the posterior dorsal and lateral eyes of the Spiders. But 
in these eyes the condensation is associated with an invagination of the en- 
tire eye, a process which, it may be remarked, is indicated in the median 
eyes of Limulus. This invagination has been regarded as a pushing in, 
under and parallel to the hypodermis, of a pouch of that layer, a process 
which gives in cross-section the appearance of an S-shaped fold. The 
outermost layer of the fold forms the vitreous cells or corneal hypodermis, 
‘the middle layer the retina, the inversion of which is plainly seen in the 
posterior dorsal and lateral eyes of the Spiders, while the innermost layer 
forms the postretinal layer in the Scorpions and the tapetum of the 
Spiders. The ommatidial retinule are more or less retained in these eyes, 
as is shown by the structure of the rhabdom, which in the Scorpions is 
composed of five parts, in the Spiders of two, and in the Harvest-spiders 
of three. The anterior dorsal eyes of the Spiders do not seem to have 
undergone an invagination, hence the absence of a tapetum and the praeba- 
cillar structure of the retina; a corneal hypodermis is, however, present, 
and would seem to indicate an invagination, but its mode of origin seems 
at present but imperfectly understood. If a generalization is to be made, it 
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will be to the effect that the eyes of the Arachnids have been derived from 
compound eyes similar to those of Limulus, and that in the median eyes of 
the Scorpions, and the posterior dorsal and lateral eyes of the Spiders the 
entire optic area has been invaginated, making them comparable to the 
median eyes of Limulus, while the lateral eyes of the Scorpions and the 
anterior dorsal eyes of the Spiders have not undergone invagination and 
hence are comparable to the lateral eyes of Limulus. Whether the com- 
parability indicates also the homology from a phylogenetic standpoint of 
eye to eye must remain at present uncertain (see p. 457). 

In addition to the Malphighian tubules already mentioned 
as excretory organs occurring in connection with the digestive 
tract of the Spiders, there exist in many forms additional 
glands which probably are also excretory in function or sig- 
nificance. These are the coxal glands, so called on account of 
their openings when present being on the basal joints (coxe) 
of one of the pairs of legs. In the Scorpions and Spiders 
the ducts of the glands open on the third pair of legs (i.e., the 
fifth pair of appendages) in the embryo, but are usually 
wanting in the adults. In the Solifuge and Harvest-spiders 
coxal glands also occur in connection with the fourth pair 
of legs, and similar glands have also been observed in several 
genera of Mites, opening, however, at varying points. 

Glands are also of frequent occurrence in connection with 
the pedipalps, having apparently varying functions in differ- 
ent genera. They do not, however, seem to belong to the same 
category as the coxal glands and are in no case excretory. 

The Arachnida are bisexual throughout. The ovaries not 
infrequently fuse to form a single mass or a circular band, 
and in connection with the oviducts, which are in direct com- 
munication with them, there is usually developed a receptac- 
ulum seminis, and in the Harvest-spiders, an elongated ovi- 
positor. The testes are also frequently fused, and the vasa 
deferentia are provided with vesicule seminales and usually 
terminate in a copulatory organ. The majority of forms are 
oviparous, exceptions to the rule being found, however, as in 
the genus Phrynus and in the Scorpions, which are viviparous. 


1. Order Scorpionida. 


In the Scorpions (fig. 201) the body is composed of an 
unsegmented cephalothorax and an elongated segmented 
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abdomen. The seven anterior segments (the preabdomen) 
of the abdomen are broader and thicker than the remaining 
five segments (the postabdomen), the last one of which ter- 
minates in a curved stout spine which bears at its extremity 
the openings of two ducts leading from a pair of glands lying 
in the twelfth abdominal segment and secreting a poisonous 
fluid. 

The chelicerz (ch) are small chelate appendages situated 
in front of the mouth, while the pedipalps (pe) are long and 
provided with strong chele, their 
basal joints and those of the two 
succeeding appendages surround- 
ing the mouth and serving as jaws. 
The four pairs of appendages be- 
hind the pedipalps are all similar 
in form, being six-jointed walking- 
limbs. Upon the abdomen modi- 
fied appendages are also found, 
the second abdominal segment 
bearing a pair, each member of 
which consists of a single joint 
whose posterior edge is beset with 
a number of processes which give 
it the appearance of a comb, 
whence the name pectines (pt) 
applied to these appendages. In 
front of the pectines lies the geni- 
tal opening, protected by a small 
genital operculum (op) which may 


Fig. 201.—Scorpion (after OwEy). 
ch = chelicere. 


op = gevital operculum. possibly represent another pair of 
pe = pedipalp. appendages belonging to the first 
pt = pecten. 


abdominal segment. 

Upon the ventral surfaces of 
third, fourth, fifth, and sixth abdominal segments elongated 
pores are to be found which are stigmata (st'“) leading into 
the respiratory cavities containing the lung-books, of which 
there are in all four pairs in this group. No trachex occur. 

The intestine is quite straight in the Scorpions and lacks 
cecal outgrowths excepting the two Malpighian tubules sit 


st-4 = stigmata. 
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uated at the posterior end of the mid-gut. The digestive 
gland is a large five-lobed structure which empties through 
several ducts into the mid-gut. 

The nervous system consists of a syncerebrum lying 
above the cesophagus and giving rise to nerves for the eyes 
and for the chelicere. It is connected with a subcesophageal 
mass from which the pedipalps and the three anterior legs are 
innervated, the fourth pair of legs receiving its nerves from a 
pair of distinct ganglia separated only by a short distance 
from the subcesophageal mass. Behind this in the abdomen 
is a chain consisting of seven pairs of ganglia united by long 
connectives. The eyes vary in number from two to six pairs, 
one pair being situated on or near the median line, while the 
others are lateral. 

Coxal glands occur in connection with the third pair of 
legs, and the heart is an elongated structure lying in the an- 
terior portion of the abdomen and possessing eight pairs of 
ostia. 

The Scorpions are viviparous. The ovaries are situated 
in the anterior abdominal region and are elongated, that of 
one side of the body being united with the other by several 
transverse connections. The oviducts, which are short, serve 
as uteri, and open to the exterior by a single median opening 
situated on the ventral surface of the first abdominal segment. 
The testes consist of four tubes, those of the same side being 
connected by transverse anastomoses, and unite together to 
open into a protrusible penis, accessory glands, vesiculz sem- 
inales, occurring in connection with each vas deferens. The 
single genital orifice occupies the same position as in the 
female. 

The Scorpions are confined to the warmer regions of the 
globe, but few genera being known. Of these the genera Hw- 
scorpius and Buthus are perhaps the commonest. 


2. Order Pseudoscorpionida. 


This order includes a number of small forms which are 
found under the bark of trees or among dead leaves or moss, 
one genus, Chelifer (Fig. 202), occurring occasionally between 
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the pages of books, and hence being known popularly as the 
Book-scorpion. The cephalothorax is unsegmented, and is 
followed by a broad flattened abdomen composed of eleven 
segments. A preabdomen and a postabdomen, such as can 
be distinguished in the Scorpionida, does not occur, nor is 
there a terminal poison-spine nor a poison-gland. 
The chelicere and pedipalps resemble those of the Scor- 
pions, being chelate, and the four succeeding appendages are 
: walking-legs, while the abdomen pos- 
&% sesses no appendages in the adult. Both 
7% the second and third abdominal seg- 
ments bear upon their ventral surfaces a 
pair of stigmata which are the openings 
of tubular trachee which extend through 
the body sending off branches, except 
in Chernes, in which bunches of un- 
branched trachez arise from each stig- 
¥ ma. A heart is present, but consists of 
Fie. 202.—Chelifer carci- a simple tube with either a single pair 
noides (from voter). of ogtia near its posterior extremity 
(Obisium) or with four ostia (Chernes). 
The endodermal portion of the digestive tract gives rise 
to a pair of lateral ceecal diverticula branched at the apex and 
to one unpaired ventral one. Two eyes are present in Chelifer 
and four in Obisium, while they are entirely wanting in 
Chernes. ‘The reproductive organs open upon the ventral sur- 
face of the second abdominal segment, and the opening is 
surrounded with glands which secrete a fluid which quickly 
hardens to silky filaments and serves to fasten the eggs to 
the abdomen of the parent. These glands are hypodermal in 
origin and correspond to the spinning-glands of the Spiders. 


3. Order Solifugee. 


The members of this order are characterized by the head- 
region being separated from a thorax consisting of three seg- 
ments and bearing the three posterior pairs of legs. The 
abdomen is also segmented, its ten segments showing no dif- 
ferentiation into preabdomen and postabdomen, nor does it 
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possess any sting or poison-gland. The chelicerz are chelate, 
but the pedipalps are long and leglike and possess glands 
which in Galeodes have been supposed to be poisonous, The 
anterior pair of legs lacks the terminal ungues found on the 
others, and functions as a second F 

pedipalp rather than a walking-leg. J ‘ 

No appendages occur on the abdo- 1 x. 
men. L< | 

Three pairs of stigmata occur 
on the ventral surface of the body, 
the most anterior pair being situ- 
ated on the first thoracic segment, . 
while the other two are on the »*” 
second and third abdominal seg- ts he 
ments. The anterior position of the 4 a: 
first pair is probably to be regarded 4 f 
as secondary, and produced by a 
forward migration of the pair which : i 
should occur upon the first abdomi- F 
nal segment. The stigmata lead ™'* Cig ee es 
into tubular trachezw which branch , 
extensively. A comparatively simple heart is situated in the 
abdomen. 

The mid-gut possesses numerous branched diverticula as 
well as Malpighian tubules. The nervous system consists of 
a syncerebrum connected with a subcesophageal mass which 
represents all the thoracic and abdominal ganglia fused to- 
gether. Two eyes are present, situated on a common eleva- 
tion at the front edge of the head. 

The reproductive organs resemble those of the Scorpions 
except that transverse anastomoses do not occur, and the gen- 
ital opening is situated upon the ventral surface of the first 
abdominal segment. 

The Solifugee is a small order living more especially in 
warm sandy regions. They are usually, on rather insufficient 
grounds, supposed to be capable of inflicting a poisoned 
wound. Only two genera, Solpuga and (aleodes, belong to 
the order. 
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4. Order Pedipalpi. 


The order Pedipalpi includes two genera, Phrynus and 
Thelyphonus, both of which are inhabitants of the warmer. 
regions of the earth. ‘The cephalothorax is unsegmented ; 
the abdomen in Phrynus is elongated and oval, and composed 
of eleven segments showing little differentiation of form, 
while in Thelyphonus there are twelve segments, the last 
three of which are much smaller than 
the others and bear a long, many- 
jointed terminal filament. The cheli- 
, cere are not chelate, but the terminal 

joint may be flexed upon the basal 
one and contains the duct of a poison- 
gland which opens at its extremity. 
The pedipalps in Phrynus are long 
and leglike, though richly provided 
with spines, and terminate with un- 
gues, but in Thelyphonus they are rel- 
atively short and stout with a flexible 
terminal joint as in the chelicere ; 
} in both genera the basal joints of the 
Fra. 204,—Phelyphonuscau- + nenipalps are fused. The first 
datus (from Cuvier). P ; 
leg is long and slender and termi- 
nates in a filament-like structure, the other three pairs being 
typical walking-legs. 

Four stigmata occur, one pair situated in the second and 
another in the third abdominal segment, and they open into 
cavities containing lung-books. The’ digestive tract is com- 
paratively simple, but the nervous system shows a concentra- 
tion of the postcesophageal ganglia similar to that described 
for the Solifuge, except that a single pair of ganglia occurs 
in the abominal region united by long connectives with the 
cephalothoracic mass. Hight eyes are present, two of which 
are larger than the others and situated at the anterior edge 
of the dorsal surface of the cephalothorax, while the other 
three pairs are situated laterally. 

The reproductive organs are paired and open by a median 
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orifice situated on the ventral surface of the first abdominal 
segment. Phrynus is viviparous. 


fh, Order Phalangida. 


The Phalangida (Fig. 205), popularly known as the Harvest 
spiders, possess an unsegmented cephalothorax (ct) and have 
from six to nine segments composing the abdomen (ab). The 
cheliceree are chelate, while the pedipalps (pe) are long and 
leglike, with terminal ungues. The eight walking-legs are 
usually exceedingly long, though in the genera Cyphophthalmus 
and Gibbocellum they are shorter. A single pair of stigmata 
are usually all that occur; they are situated upon the first 


Fig. 205.—Letobunum. 
ab = abdomen. et = cephalothorax. pe = pedipalps. 


abdominal segment and open into branching trachee. In 
Gibbocellum, however, two pairs occur, situated upon the 
second and third abdominal segments, the anterior pair open- 
ing into branched trachew, while a bunch of simple unbranched 
trachew arises from each of the posterior ones. The heart 
is somewhat elongated and possesses three pairs of ostia; ar- 
teries are entirely wanting, the blood passing from the heart 
directly into the lacunar spaces. 

The digestive tract dilates into a sac-like stomach from 
which numerous much-branched cecal diverticula pass off. 
Malpighian vessels, two in number, are found in Cyphophthal- 
mus and Gibbocellum, and have been described as occurring 
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in other forms also, though it is probable that two glandular 
tubes which open to the exterior on the sides of the cephalo- 
thorax have in some forms been mistaken for these organs. 
Odoriferous glands are also found in the abdomen of some 
forms, and so-called salivary glands occur in connection with 
the pedipalps. 

The nervous system shows a marked concentration of the 
postoral ganglia, a single pair only remaining separate from 
the fused mass formed of the remainder. The majority of 
forms possess but a single pair of eyes on the dorsum of the 
cephalothorax, but in (bbocellum two lateral pairs are 
found. 

Coxal glands have been described in connection with the 
coxal joints of the third pair of legs and have been observed 
to communicate with the exterior, differing therefore from 
those of other Arachnoids in being functional in the adult. 
The reproductive organs are unpaired, a condition which 
results from the fusion of originally paired structures, and 
the genital pore lies in both sexes at the junction of the 
cephalothorax and abdomen or on the first abdominal seg- 
ment. The vasa deferentia and oviducts are paired, each of 
the former communicating with a protrusible penis, while 
similarly each oviduct unites with a long protrusible ovipositor. 

Certain genera such as Letobunum (Fig. 205), Phalangium, 
and Opilio, are exceedingly common, and to them the terms 
Harvest-men, Harvest-spiders, or Daddy Longlegs are popu- 
larly applied. Other forms, such as Gonyleptus, with spinose 
pedipalps, are tropical in habitat, while Cyphophthalmus and 
Gibbocellum have a limited distribution, and on account of the 
many differences of structure which they present when com- 
pared with other forms are sometimes grouped together to 
form a separate order. It is to be noted especially that these 
two forms possess upon the second abdominal segment a pair 
of wartlike elevations at the summit of which the ducts of 
numerous spinning-glands open. 


6. Order Aranee. 


The order Aranew includes a large number of forms 
possessing very definite characteristics. The cephalothorax 
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is unsegmented, as is also the abdomen, which is an oval, 
spherical, or sometimes irregularly-shaped region which 
narrows suddenly anteriorly so as to be much narrower than 
the cephalothorax. The chelicere project somewhat in front 
of the cephalothorax and each consists of a broad basal joint 
and a terminal strong claw which may be flexed upon the 
basal joint, and has opening at its tip the duct of a poison- 
gland (Fig. 206, pg) which lies in the cephalothorax. The 
§ . 


Fic. 206.—DraAGRAM OF STRUCTURE OF A SPIDER (after Levcgart). 


ao = aorta. pe = pedipalp. 

ce = cerebral ganglion. pg = poison-gland. 

ch = chelicera. rb = rectul bladder. 

dg = digestive gland. rs = receptaculum seminis. 
gp = genital pore. s = stomach. 

At = heart. sd = stomach diverticulum. 


ib = lung-book. sp = spinueret. 
mt = Malpigbian tubule. spg = spiuning-glands. 
oc = eye. tg = thoracic ganglion. 
ov = ovary. tr = trachea. 


pedipalps of the females are leglike structures usually with a 
terminal unguis, but in the male are more or less swollen to 
serve as accessory organs in copulation. The four pairs of 
seven-jointed legs are all similar in structure and serve for 
walking, differing in relative length in different genera. In 
the embryo the abdomen is distinctly segmented and bears 
five or six pairs of rudimentary appendages, the more ante- 
rior of which later disappear, while the two or three posterior 
pairs persist as the spinnerets (sp), so called from the occur- 
rence on them of the openings of the ducts of the spinning- 
glands (spq). 

These are very numerous and open at the apices of the 
spinnerets, each gland producing a fluid secretion which 
quickly hardens on exposure to the air to form a silken 
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thread. The thickness of the thread may be modified by 
uniting together the secretions of a greater or less number of 
the glands, which, moreover, differ among themselves, some 
producing, for instance, a sticky secretion with which certain 
of the threads may be covered. In some forms there is situ- 
ated upon the abdomen just in front of the swimmerets a 
chitinous plate, the cribellum, which is perforated, like the 
spinnerets, by the ducts of numerous spinning-glands. Its 
presence is associated with that of a calamistrum, a peculiar 
modification of the metatarsus of the last pair of legs, it being 
furnished with a double row of bristles which are rapidly 
waved over the cribellum and draw from its glands their 
secretion. The threads are used for several purposes, as, for 
example, to fasten the ova to the body of the parent or to 
form a cocoon for them, or else to form a snare by which 
insects may be caught to serve as food. These snares in 
some cases are composed of an irregular network of threads 
arranged without any definite pattern, as in Theridium, but 
some other forms show a certain amount of architectural 
skill, weaving a platform of felted threads which terminates 
in a tubelike place of concealment for the spider (e.g., Age- 
lena, Tegenaria) or webs composed of threads radiating from 
a central point and united by other threads arranged in a 
spiral or in concentric circles (e.g., Hpeira, the common garden- 
spider), or else using the threads to form a hinged trap-door 
covering in a burrow in the earth which serves as a domicile 
as in the Trap-door Spider. 

The digestive tract expands in the thoracic region into a 
saclike structure (s) from each side of which three or more 
usually five cecal diverticula (sd) arise, the anterior pair 
sometimes anastomosing so as to form a ring, while in some 
cases (petra) secondary diverticula extend from the more 
posterior ones into the coxal joints of the legs. In the abdo- 
men the intestine is more cylindrical, giving rise to much- 
branched lateral diverticula which together form the so-called 
liver (dg), and having connected with it, just as it joins the 
end-gut, two elongated Malpighian tubules (mt). The end- 
gut itself dilates into a large rectal bladder (7d) which a short 
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rectum connects with the anus situated at the posterior ex- 
tremity of the body. 

In the genus Mygale and allied forms two pairs of stig- 
mata are found near the anterior portion of the abdomen, 
both of which lead into cavities containing lung-books. 
In the majority of forms, however, but one pair of lung-books 
(ib) occurs, the second pair of stigmata opening into a tracheal 
tube (tr) extending into the cephalothorax and terminating in 
a bunch of unbranched trachee, a similar bunch arising near 
its base and extending backwards into the abdomen (Seges- 
tria). In some forms the second or tracheal stigmata may 
be situated far back upon the abdomen, and may be united 
to a single median transversely-elongated cleft, from which a 
bunch of unbranched (Aétus) or branched trachee arises. 

The heart (Af), which lies in the abdomen, is enclosed 
within a so-called pericardium and possesses three pairs of 
ostia. It is continued anteriorly and posteriorly into aorte, 
and gives off also lateral arteries, all of which open after rel- 
atively short courses into the lacunar spaces. The blood is 
returned to the pericardial cavity, whence it passes into the 
heart, the greater portion on its way to the pericardium pass- 
ing through the lung-books. 

The nervous system consists of a syncerebrum (ce) and a 
large cephalothoracic ganglionic mass (fg). In addition to 
the nerves to the appendages, a posterior nerve arises from 
this mass and passes backwards towards the abdomen, in 
Mygale dilating at the junction of that region with the cephalo- 
thorax into a pair of small ganglia. A sympathetic or visceral 
system, consisting of a nerve arising by paired trunks from 
the brain, is distributed to the anterior portion of the diges- 
tive tract. The eyes are usually numerous, three or four pairs 
occurring on the anterior portion of the cephalothorax, their 
arrangement varying in different genera. 

Coxal glands have been found in several forms in connec- 
tion with the third pair of legs, but have not been found to 
open to the exterior in the adult. The reproductive organs 
open in both sexes by a single opening situated near the 
anterior end of the abdomen between the anterior stigmata. 
The ovaries (ov) are paired, or may unite to form a ring, and 
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the two short oviducts unite to form a vagina with which 
may be associated receptacula seminis (rs), though more usu- 
ally these structures open independently in front of the 
genital orifice and may be single, or paired, or in some cases 
even three in number. The testes are cy- 
lindrical structures whose long, slender, and 
frequently-contorted vasa deferentia unite 
just before opening to the exterior, A 
remarkable copulatory organ is formed by 
the terminal joint of the pedipalp of the 
male (Fig. 207), which bears upon its inner 
surface a process containing a spirally- 
coiled tube. This tube opens at the ex- 
oa eae et tremity of the process, and is filled by the 

or Mate Spwer SPider with spermatozoa, and during copu- 

(after BerTKAU), lation is inserted into the receptacula semi- 

nis of the female. 

The males are usually smaller than the females, and their 
approaches are frequently resisted by the latter, who en- 
deavor to capture and destroy the persistent swains. In the 
Attide a process of courtship has been observed to occur, the 
male posturing before the female and displaying to their best 
advantage the highly-colored hairs with which the body is 
covered. The ova are in many forms (Lycosa) attached to 
the under surface of the abdomen, while in others they are 
enclosed in a silken cocoon which may either be carried 
about by the female or suspended in the webs or deposited in 
protected situations. 

Two suborders are recognized, according as there are two 
pairs of lung-books or only one. The Tetrapnewmones in- 
clude the forms with two pairs of lung-books, among which 
are the Trap-door Spiders, Cfeniza, already mentioned, and the 
Tarantula, Mygale, the largest of all the spiders and reputed 
to attack even small birds. The Dipnewmones have but a 
single pair of lung-books, the majority of living spiders be- 
longing to the suborder. Some, such as Hpeira, Agelena, Tege- 
naria, Theridium, and Segestria, spin webs, while others catch 
their prey by their rapid movements (Lycosa) or by suddenly 
springing upon it (Attus). 


TYPE ARACHNIDA., 453 


%. Order Acarina. 


The Acarina are for the most part small forms, many 
being almost microscopic, while the largest, the Ticks (Jxodes), 
do not when at their greatest size exceed a centimeter in 
length, the males being much smaller. Some forms, such as 
Oribates and Nothrus, live among moss and in similar situa- 
tions, while others, such as Hydrachna and Ataz, are aquatic. 
Many forms are, however, parasitic either upon plants (Te- 
tranychus and Phytoptus) or on animals, the genus Sarcoptes 
being the cause of the disease termed the Itch in man, the 
symptoms being produced by the Mites burrowing beneath 
the skin. Other forms affect various animals and birds, the 
genera Dermaleichus, Analges, etc., feeding upon the feathers 


Fig. 208.—A, Sarcoptes scabiet; B, Demodex phylloides (after Csoxor from 
WRIGHT). 


of various birds, while others, such as Demodex (Fig. 208, B), 
live ia the hair-follicles or sebaceous glands of the skin, pro- 
ducing acnelike pustules. The larve of many forms which 
are non-parasitic in adult life have a parasitic habit, as for 
instance the larve of many of the Water-mites and of the 
Harvest-mites (Zrombidium), while other forms live upon 
organic matter of various kinds, as does the Cheese-mite, 
Tyroglyphus. 

A distinguishing characteristic of the Acarina is the ab- 
sence of any segmentation and the fusion of head-thorax and 
abdomen to a single mass (Fig. 208, A). The form of the 
appendages varies greatly in different genera according to the 
use to which they are put. The chelicere (Fig. 209, Md) are 


454 INVERTEBRATE MORPHOLOGY. 


frequently chelate, but in parasitic forms are reduced to 
stylets enclosed by the fused basal joints of the pedipalps, a 
proboscis being thus produced which can pierce the integu- 
ment and thus render the juices of the host available as food. 
The pedipalps (Mxp) undergo various modifications, being. 
sometimes long and limblike, sometimes chelate, while their 
basal joints may or may not be fused. The four pairs of legs 
are generally adapted for walking, and terminate in ungues or 
bunches of hairs or, in some parasitic forms, in suctorial 
disks, while in the Water-mites they are provided with usually 
long bristles along the sides, serviceable swimming-organs 
being thus produced. In the genus Demodex the four legs 
are reduced to short unjointed structures each provided with 
four ungues, while in the Leaf-mites, Phytoptus, which pro- 
duce galls on the leaves of various plants, the two pairs of 
posterior limbs are reduced to wartlike elevations bearing 
bristles, the two anterior pairs being on the other hand five- 
jointed. , i 

The chitinous covering of the body is usually thick and 
delicately wrinkled. It usually bears numerous sete and 
occasionally also plates or lateral prolongations, as in Ori- 
bates and its allies. Dermal glands also frequently occur, 
producing oily fluids and sometimes odoriferous secretions. 
Spinning-glands opening on the pedipalps occur in Tetrany- 
chus, frequently parasitic on the leaves of the Rose, but as a 
rule they are not developed. 

A pair of stigmata (Fig. 209, sf) occurs in many forms, 
situated usually near the coxe of the last pair of legs, but 
not unfrequently they are much further forward, lying near 
the basal joints of the pedipalps or even of the chelicere. 
‘They open into trachex which branch once, buuches of lateral 
traches being situated at intervals upon the two branches. 
Frequently, however, especially in parasitic and aquatic forms, 
both trachez and stigmata are wanting, as is usually also the 
heart. When present (Gamasus, [codes) this latter structure 
is small, with but a single pair of ostia, and is prolonged an- 
teriorly into a slender aorta. 

The digestive tract is frequently provided with glands 
opening into its anterior portion and supposed to be salivary. 
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The mid-gut usually sends off a number of cwcal diverticula 
which may branch at the ends, and Malpighian vessels, 
sometimes one, sometimes a pair,and sometimes many are 
usually present, while in addition, in some forms, a rectal 
bladder, similar to that occurring in the Aranex, is found. 


Fra. 209.—Matz or Gamasus tergipes (after Winxuzr). 


an = anus. st = stigma. 
ce = cecal pouches of intestine. ste = stigma-canal. 
go = genital orifice. T = testis. 
Md = chelicera. t = tongue. 
mg = Malpighian tubules. Vd = vas deferens. 
Mzp = pedipalps. I-IV = limbs. 


The nervous system, as might be supposed from the con- 
centration of the body regions, is composed of a supracesoph- 


_./-geal syncerebrum and a larger subcesophageal ganglionic 


mass from which numerous nerves are given off. Eyes are 
usually wanting, or may be present in the form of one 
(Jxodes) or two pairs of small apparently simple ocelli. 

Coxal glands have been described as occurring at the 
bases of the second pair of legs (Oribatide). The repro- 
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ductive organs show much variety in their arrangement, 
being sometimes paired and sometimes united to a single 
mass. The single genital orifice is situated far forward, in 
some cases even between the basal joints of the second pair 
of legs. Numerous accessory structures may be associated 
with the ducts, the receptacula seminis in some forms open- 
ing to the exterior quite independently of the oviduct, and 
protrusible organs serving for copulation in the male and for 
oviposition in the female may occur. The Acarina are as a 
rule oviparous, though a few forms are viviparous. 


Development of the Acarina.—Most of the Acarina whose development 
has been traced pass through a series of larval stages. While the young 
embryo is still within the egg and sometimes before the appendages have 
developed, a cuticular membrane is secreted around it lying between the 
embryo and the egg-shell. This is the dewtovwm, and within it further 
development proceeds. In those forms in which it does not appear until 
after the appendages are formed a degeneration of these structures takes 
place, and the egg-shell may also be thrown off leaving the embryo sur- 
rounded only by the deutovum (T7rombidiwm). New appendages now 
appear, and the larva hatches out from the deutovum as a six-legged 
form, sometimes showing traces of segmentation either in the thoracic 
region or in the abdomen. After a certain time a certain amount of de- 
generation of the tisues occurs (histolysis) and the appendages again dis- 
appear, a chitinous membrane forming around the now almost spherical 
body of the larva. A regeneration of the limbs and tissues takes place 
within this larval membrane, and the nymph is formed, resembling the 
adult in the number of appendages, but lacking fully-developed repro- 
ductive organs. A period of rest, and histolysis again occurs, accom- 
panied by the formation of a third cuticular membrane within which the 
nymph becomes transformed into the fully-developed and sexually-mature 
adult or imago, which finally issues from the membrane. 

This complicated process, it is needless to say, has no phylogenetic sig- 
nificance, the deutovum indeed being absent in certain forms (Tetrany- 
chus), nor does it seem likely that even the six-legged larva is anything 
but a secondary stage which has been developed within the group of the 
Acarina. There is no question but that the order represents the culmina- 
tion of a divergent line of evolution, perhaps from the Pseudoscorpionida, 
and since the separation many of the peculiarities characteristic of the 
group have been developed. 

Phylogeny of the Arachnida.—There seems little room for doubt but 
that the Scorpions among living forms represent most closely the ancestral 
Arachnoids, their segmentation being most perfect and their appendages 
more numerous than those of other forms. It is through the Scorpions 
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accordingly, that relationships to other forms must be looked for, and a 
comparison of them with Limulus reveals similarities of structures so 
numerous and so detailed that the conclusion is unavoidable that both are 
to be traced back to a common ancestor. Thus the cephalothoracic ap- 
pendages in both are identical in number, and, so far as the first two pairs 
are concerned, in general structure also, while the genital opercula of the 
Scorpions are comparable in their relation to the genital orifices to the 
opercula of Limulus, and the pectines to the first pair of abdominal ap- 
pendages. The remaining abdominal appendages of Zimadlus, which are 
branchiate, seem at first sight to be unrepresented, but the embryo- 
logical investigation of the Scorpions appears to indicate that they are 
represented by the lung-books, which bear no little resemblance to the 
branchial lamelle of Zimulus, and the 
conversion of one set of organs into the 
other may be supposed to have been brought 
about by the formation behind each pair 
of abdominal appendages of an invagina- 
tion, which, deepening, has carried in with 
it the branchial lamellz, the original an- 
terior surface of the appendage forming 
the ventral wall of the body beneath the 
lung-sac, while the lamelle project into the 
sac for its ventral surface (Fig. 210). In 
the general form of the body Limulus 
corresponds fairly well with the Scorpions, y 
the cephalothoracic regions being strictly Fra. 210.—D1aGRaAM oF er 
comparable, as is also the terminal spine 9, [one-nooKs (after Kines- 
with the sting ; the abdomen, however, in  rpy), 

the branchiate form has a smaller number i = indifferent stage. 

of segments which are all fused, a difference L = Limulus stage. 
readily explained by the probable derivation A = Arachnidan stage. 

of both forms from Hurypterws-like ancestors in which the abdomen 
possessed a relatively large number of distinct segments, and even showed 
indications of a differentiation into a przeabdomen and a postabdomen 
(see Fig. 198). 

In the internal structure quite as striking similarities are to be found 
in the presence of an endosternite in both groups and of coxal glands in 
connection with the fifth pair of appendages, in the tendency towards the 
concentration of the postoral ganglia, and in the invaginate origin of the 
median eyes, to mention but a few points. 

The Arachnida are accordingly to be traced back to Limulus or Huryp- 
terus-like ancestors, and through these finally to the Entomostraca, perhaps, 
a Crustacean ancestry being clearly indicated. As to the relationships of 
the various orders little that is definite can be said, differentiations having 
taken place along different lines in the various orders, so that while the 
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Pedipalpi are more primitive as regards the number of abdominal seg- 
ments and their distinctness than the Aranez, yet the latter and especially 
the Tetrapneumones show a much more primitive condition of the respira- 
tory organs. With regard to these organs it may be stated that the con- 
dition in which they are represented by bunches of unbranched tracheze 
is more primitive than that in which they are branching tubes, the 
bunched condition being probably derived by a modification of original 
lung-books. 
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1. Order Scorpionida.—Abdomen segmented and differentiated into pre- 
abdomen and postabdomen ; postabdomen terminating in poison- 
spine ; pedipalps chelate ; two pairs of abdominal appendages ; 
four of stigmata and lung-books. ZHuscorpius, Buthus. 

2. Order Pseudoscorpionida.—Abdomen segmented but not differentiated ; 
no terminal spine; pedipalps chelate; no abdominal appen- 
dages ; two pairs of stigmata opening into trachee ; first pair 
of legs adapted for locomotion. Chelifer, Obisium, Chernes. 

3. Order Solifuge.—Head separated from thorax with three segments; 
abdomen segmented but undifferentiated ; no terminal spine ; 
pedipalps palplike ; three pairs of stigmata leading into tracheex. 
Galeodes, Solpuga. ~ 

4. Order Pedipalpi.No distinction of head and thorax ; abdomen seg- 

: mented, and either undifferentiated or with three small segments 
terminated by a multiarticulate flagellum ; pedipalps leglike or 
subchelate ; two pairs of stigmata and lung-books ; first pair of 
legs elongated and palplike. Phrynus, Thelyphonus. 

5. Order Phalangida.—Abdomen segmented but undifferentiated and 
without appendages or terminal spine ; pedipalps leglike ; one 
pair of stigmata leading into traches; no spinning-glands. 
Leiobunum, Phalangium, Opilio, Gonyleptus, Cyphophthalmus, 
Gibbocellum. 

6. Order Avanew.—Abdomen unsegmented and with two or three pairs of 
rudimentary papillalike appendages bearing the openings of 
ducts of numerous spinning-glands ; abdomen not fused with 
cephalothorax ; pedipalps long and palplike or leglike. 

1. Suborder Tetrapneumones. — With four stigmata opening into 
sacs containing lung-books. Mygale, Cteniza. 

2. Suborder Dipnewmones.—With four or three stigmata, the anterior 
pair opening into sacs with lung-books, the posterior one or 
two with trachew. Hpeira, Agelena, Tegenaria, Theridium, 
Segestria, Attus, Lycosa. 

7, Order Acarina.— Abdomen unsegmented, without appendages, and 
fused with the cephalothorax ; pedipalps sometimes long and 
leglike, sometimes chelate; stigmata wanting or present as a 
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single pair leading into tracheze; many forms parasitic ; fre- 
quently with complicated metamorphoses. 

Nonparasitic, or parasitic only in larval stage; terrestrial. Ort- 
bates, Nothrus, Trombidium. 

Aquatic. Hydrachna, Ataw. 

Living on organic matter. Tyroglyphus. 

Parasitic on animals. Demodex, Sarcoptes, Dermaleichus, Anal- 
ges, Gamasus, Ixodes. 

Parasitic on plants. Tetranychus, Phytoptus. 
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APPENDIX TO THE ARACHNIDA. 


There are three orders which show a certain amount of 
affinity to the Arachnida, but which are not so closely related 
as to warrant the actual association of them with the orders 
which have been assigned to that type. They will be de- 
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scribed here, and are the orders of the Pentastomide, the 
Pycnogonida, and the Tardigrada. 


Order Pentastomide. 


The Pentastomide are all parasitic, living in the adult 
stage in the lungs or nasal cavities of various animals, one 
species, Pentastomum teenioides, occurring in the nasal cavities 
or sinuses of dogs and wolves, while several species have been 
found in the lungs of different species of snakes (Fig. 211). 
They are all elongated wormlike forms, some- 
times slightly flattened and usually distinctly 
annulated, the annuli, however, not repre- 
senting a metamerism. The anterior end of 
the body is rounded and bears on the ventral 
surface the mouth, upon each side of which 
is situated a pair of strongly-recurved hooks 
(h) supplied with special muscles and serving 
for the attachment of the animal to the tissues 
of the host. With the exception of these 
hooks no appendages are present. 

The body is covered by a cuticle secreted 
by the ectodermal cells (hypodermis), be- 
neath which lies a layer of circular muscle- 
fibres, and beneath these again a layer of 
longitudinal muscles. The ccelom is ample 
and is traversed by dorso-ventral muscle- 
bands, which divide it into a central com- 
partment containing the various organs, sus- : 

F stomum teretiuscu- 
pended by mesenteries, and two lateral ones. ym Peyatm after 
There is no heart or circulatory apparatus, Spencer). 
and trachew or other respiratory organs are = books. 

: go = genital orifice. 
also wanting. 

The digestive tract is a straight tube extending through 
the body from the mouth to the terminal anus, giving off no 
lateral diverticula throughout its course. The nervous sys- 
tem (Fig. 212, ng) consists of a ganglionic mass lying below 
the cesophagus, a comparatively small commissural ring 
passing round that portion of the digestive tract, without, 


Fie. 211. — Penta- 
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however, possessing any ganglionic enlargement which can 
be termed a cerebrum. Various nerves are given off from 
the mass, two of which extend backwards throughout nearly 
the entire length of the body. The only sense-organs pres- 
ent are a number of small papille on the anterior portion of 
the body, which are probably tactile in function. 

Glandular organs are highly developed. Scattered over 
the surface of the body are numerous flask-shaped glands, 
apparently ectodermal in origin, while lying in the ccelom on 
each side of the mid-gut and extending back almost to the 
posterior end of the body are two long cecal tubes, a glan- 
dular structure being also connected with them anteriorly. 
These glands open in the vicinity of the hooks and have 
hence been termed the hook-glands (Fig. 211, hg), and it has 
been suggested that they secrete a fluid which serves to keep 
the blood which the parasite ingests from coagulating, being 
thus similar to the glands in the pharynx of the Leeches 


od ov hg 


per Qierer eteromr - 

at i ‘ii a iii : 

LOR a= (a) S 

MSL GHHINAONS, 
ng Ts 
Fra. 212.—D1aGramM oF STRUCTURE OF FEMALE Pentastomum (after SpENECR). 

go = genital orifice. od = oviduct. 
hg = hook-gland. ov = ovary. 

¢ = intestine. rs = seminal receptacle. 
ng = nerve-ganglion. ut = uterus. 


which serve the same purpose. Unless the ectodermal glands 
are excretory, no special organs for the carrying on of that 
function occur. 

The Pentastomide are bisexual, the male being smaller 
than the female, and recognizable by the situation of the geni- 
tal orifice (Fig. 211, go), which is near the anterior end of the 
body, while in the female it is near the posterior end. The 
ovary and testis.are both unpaired organs situated beneath 
the dorsal surface of the body and extending almost its entire 
length. Anteriorly a pair of oviducts (Fig. 212, od) arise 
from the extremity of the ovary (ov) and pass downwards and 


TYPH ARACHNIDA. 463 


forwards towards the ventral surface, on nearing which they 
unite to form a long coiled tube, the uterus (ut), which passes 
backwards to the genital orifice, and just where the two ducts 
unite they have opening into them a pair of pyriform seminal 
receptacles (rs), The vasa deferentia are also paired, and 
arise at the anterior end of the testis, passing ventrally 
towards the genital pore, uniting before they reach it and 
dilating to form a complicated intromittent organ, from which 
two tubes with muscular walls and containing spermatozoa 
project backwards and serve as ejaculatory ducts for the ex- 
pulsion of the spermatozoa through the intromittent organ. 
The only genus belonging to the order is Pentastomum. 


Development of the Pentastomide.—During the life-history of a Pen- 
tastomum it passes through a marked metamorphosis associated with a 
change of hosts, recalling what occurs in the Cestoda. The ova are passed 
to the exterior with the excreta of the host, or, in the case of the dog, 
with the mucous discharge from the nasal passages, and the embryo which 
hatches out is a decidedly Mitelike form, possessing, however, only two 
pairs of legs terminating in ungues. No other appendages are present, 
but the embryo is provided anteriorly with a boring apparatus. If this 
larva of P. tenioides, the parasite of the dog, succeeds in gaining entrance 
to the digestive tract of a rabbit or cat, for instance, it bores through the 
wall of the intestine and, reaching the liver, encysts itself. Within the 
cyst it undergoes several moults, finally assuming a condition similar to 
the adult except that each annulus bears a circle of hooks. Leaving the 
cyst, then, it wanders through the tissues of the host, and if while it is in 
this condition the host is eaten by a dog, it adheres to the mucous mem- 
brane of the mouth of the latter, and makes its way into the nasal passages, 
there moulting again, losing the ring of hooks and assuming the adult form. 

The principal reason for supposing Pentastomum to be related to the 
Arachnids is the occurrence of the four-legged larva, which resembles, so 
far as its external form is concerned, a Mite. The internal structure is 
very different, however, although certain Arachnid features are indicated ; 
but it is evident that these forms must have undergone an enormous de- 
parture from the ancestral form during which the remarkable life-history 
and peculiar structure have been acquired. The parasitic habits of many 
Mites, and the general similarity of the body form of Demodew to that of 
Pentastomum, suggest the Mites as the ancestors of the latter, a theory 
which is as plausible as any other which can at present be suggested. 


Order Pyenogonida, 


The Pycnogonida are exclusively marine in habitat, and 
vary considerably in size, the smaller forms, such as Tanysty- 
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lum, being only about a millimetre in breadth, while the 
purple Phoxichilidium measures over three millimetres from 
tip to tip of the legs, and the deep-sea form Collossendeis has 
a span of over sixty centimetres. The body proper is compar- 
atively small, the four pairs of long legs which arise from the 
thorax being exceedingly conspicuous, a feature which has 


i o% 


Abdomen 


Fig. 213.—Phozichilidium mazillare (after Morean). 


suggested the term Pantopoda sometimes applied to the 
group. Anteriorly there is a well-marked proboscis carrying 
the mouth at its anterior end, and at the base of this there 
arise the chelicere, which are rather short chelate limbs. 
The next segment of the body succeeding that which bears 
the chelicerze bears upon its dorsal surface the eyes, and may 
be regarded as a fusion of three segments since it bears three 
pairs of appendages. The most anterior of these are slender 
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jointed palps; the second pair, wanting in the females of 
some species, but always present in the males, arise from the 
ventral surface of the segment, and are curved jointed struc- 
tures serving to carry the ova; while the third pair are ex- 
ceeding long jointed walking-legs. The next three segments 
also bear long walking-legs, the last one having attached to 
it the usually unsegmented rudimentary abdomen. 

The body and the appendages are encased in a well-de- 
veloped chitinous cuticle, and there are no indications of 
special respiratory organs. The heart lies immediately be- 
neath the dorsal integument and is a simple tubular organ 
with from two to three pairs of ostia. 

The portion of the digestive tract which lies within the 
proboscis is lined with chitin and opens behind into an 
elongated mid-gut, from which long diverticula extend out into 
the chelicerze and the proboscis and into the walking-legs, 
sometimes reaching even into the terminal joints of the latter. 
A short hind-gut leads to the anus at the tip of the abdomen. 

The nervous system consists of a supracesophageal gan- 
glionic mass, from which arise the optic nerves and those for 
the chelicerx, as well as certain nerves passing to the pro- 
boscis. Connected with this brain by circumoesophageal com- 
missures is a ventral chain consisting of five pairs of ganglia, 
the first pair of which is really formed by the fusion of two 
pairs, distinct in the embryo, and innervates the palps and the 
ovigerous legs, while the four pairs of walking-legs are sup- 
plied by the remaining four pairs. Finally one or two small 
ganglia also occur, innervating the abdomen. The eyes are 
four in number, situated at equal intervals upon a small 
domelike elevation on the dorsum of the first thoracic seg- 
ment, which, it is to be remembered, is compound. Each eye 
is covered by cuticle, sometimes thickened so as to forma 
lens, below which is a layer of cells forming the corneal or 
cuticular hypodermis. Below this comes a thick layer com- 
posed of retinal elements with nuclei in their outer portions 
and rodlike bodies towards the inner ends where they rest 
upon a layer of pigment. 


These eyes recall the postbacillar eyes of the Arachnids by their struct- 
ure, but show one remarkable peculiarity, i.e., a distinctly bilateral ar- 


466 INVERTEBRATE MORPHOLOGY. 


rangement both of the corneal hypodermis and of the retinal elements, a 
distinct raphe being observable upon the inner surface of the eye, the reti- 
nal elements being arranged on either side of it. Such a condition as this 
cannot readily be explained by a simple unilateral inversion such as was 
described as probably occurring in Arachnidan eyes; it suggests rather an 
inversion of two sides of a primitive optic cup, the posterior wall at the 
same time forming the pigmented layer of the eye. Whether the Arachnid 
eye is not also traceable to such an arrangement, all traces of the original 
raphe being lost, is a question, though at present it seems more probable 
that it has been produced by a suppression of the inversion of one side of 


the cup. 


Glands, occurring in the palps and ovigerous legs, have 
been regarded as excretory in function, but no Malpighian 
tubules or coxal glands seem to exist, though an homology of 
the excretory glands just mentioned and of glands occurring in 
the walking-legs of the males with the latter is not impossible. 
The Pycnogonids are bisexual, the reproductive organs lying 
in the thorax and sending out branches into the walking-legs, 
on the fourth joints of one or more of which they open. As 
already stated, the male carries the eggs upon his ovigerous 
legs, fastening them as they are extruded by the female by 
means of the excretion of the glands occurring upon the 
walking-legs. 

Development and Affinities of the Pycnogonida.The young Pycno- 
gonid leaves the egg as a six-limbed embryo, which recalls, in a general way, 
the nauplius of the Crustacea, and indeed has suggested a derivation of 
the Pyenogonids from that group. The resemblance is, however, but 
superficial, important differences being found in the structure of the eyes 
and in the absence of an auus, to say nothing concerning the details of the 
early development. On the other hand these last, as well as the structure 
of the eyes, recall the Arachnids, and it seems most probable that the 
Pyecnogonids are to be regarded as having descended from ancestors which 
might have been included in the type Arachnida. 


Order Tardigrada. 


The Tardigrada are small forms not exceeding a milli- 
metre in length, with an unsegmented body provided with 
four pairs of short conical appendages tipped with claws, the 
last pair being situated at the posterior extremity of the body. 
The body is covered by a cuticle secreted by the subjacent 
hypodermis, below which and traversing the ccelom is a well- 
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developed system of muscle-bands. 
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There are no special 


organs either for respiration or circulation. 
The mouth, surrounded by papille (Fig. 214, p), lies at the 
anterior extremity of the body, and leads into a tubular 


mouth-cavity containing, imbedded in 
its walls, a pair of chitinous or partly 
calcareous teeth, and receiving the 
ducts of two glands (sy) which have 
been regarded as salivary or perhaps 
poisonous in function. Behind, this 
cavity opens into a muscular pharynx 
(ph) which is connected by a short 
esophagus with the mid-gut. At the 
junction of this with the rectum or 
hind-gut is a pair of cecal diverticula 
(lg), probably Malpighian tubules, and 
into the hind-gut there also open the 
ducts of the reproductive organs, the 
hind-gut thus serving asa cloaca. It 
opens on the ventral surface of the 
body a short distance from the pos- 
terior extremity and therefore in front 
of the last pair of appendages. 

The nervous system consists of a 
supracesophageal ganglion (ce) united 
with a chain of four pairs of ventral 
ganglia. No special sense-organs occur 
except two eyes situated at the sides 
of the head. The sexes are distinct, 
the reproductive organ being unpaired 
and opening into the cloaca, into which 
opens also in both sexes an unpaired 
accessory gland. - 


Fie. 214.—D1aGRAM oF 
Srructure or Macro- 
biotus Hufelandi (com- 
bination of figures by 
PLATE). 

an = anus. 

ce = cerebral ganglion. 

dg = dorsal gland. 

ig = lateral gland or Mal- 

pighian tubule. 

m = muscle. 

ov = ovary. 

p = papille. 
ph = pharynx. 
sg = salivary(?) glands. 


The Tardigrada occur in water usually, especially in such 


locations as the gutters on the roofs of houses, though some- 
times found also among moss. The group contains but a 
small number of genera, of which Macrobiotus is perhaps the 
most common. 
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Affinities of the Tardigrada.—The embryological history of these 
forms has not yet been sufficiently studied to allow of any definite conclu- 
sions as to their affinities. ‘I'he presence of four pairs of limbs has usually 
been regarded as pointing to a relationship with the Acarina, but the ab- 
sence of all mouth-appendages, the structure of the legs, and the position 
of the last pair with regard to the anal opening, not to mention the peculi- 
arities of the internal organization, are opposed to any close relationship 
with the Arachnida. The Tardigrada must be considered as holding an 
independent position, without distinct indications of relationship with any 
of the types, until further information as to their developmental phenomena 
has been secured. | 
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CHAPTER XV. 
TYPE TRACHEATA. 


Tur Tracheata are, like the Arachnida, essentially terres- 
trial forms, for, though a few Insects have adapted themselves 
to an aquatic mode of life, they are nevertheless air-breathers, 
living either at the surface of the water or coming to the sur- 
face trom time to time to renew the air contained in the 
trachez which ramify through the body and serve as respira- 
tory organs. However, a few Insect-larve have acquired the 
power of extracting oxygen from the water by branchia-like 
processes of the body, but, even in these cases, trachee form 
the organs by which the respiration is carried-on, , the branchize 
being richly supplied with them. 

The body is distinctly segmented feecaph in Pertpatus,) 
and is covered by a chitinous cuticle secreted by the ecto- 
dermal cells, which constitute the so-called hypodermis. The 
appendages are usually uniramous, and with few exceptions 
(Peripatus) are jointed. The anterior pair in all cases are 
more or less elongated multiarticulate structures provided 
with sense-hairs, and are situated preorally, while of the 
remaining pairs, varying in number in different groups, the 
most anterior pair is specialized to serve as mandibles, while 
the succeeding one or two pairs usually form maxille. Numer- 
ous glands of varying function are developed in the hypo- 
dermis, the most interesting of which are the crural glands, 
well developed in Peripatus, and represented more or less 
perfectly in certain other forms. In addition to these, glands 
which secrete an acrid or offensive fluid (repugnatorial glands) 
are frequently present, as well as others which secrete waxy 
substances, or even in some cases silk. 

The ccelom except in Peripatus is lacunar throughout, pos- 
sessing no definite walls, and is traversed in various directions 
by muscles, serving to flex or extend the body and to move 
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the appendages. A marked difference between the Tracheata 
and the Arachnida is the universal absence of an endo- 
sternite, a structure of considerable phylogenetic significance 
in the latter group. A heart is invariably present, lying 
above the intestine, and situated in a pericardial sinus incom- 
pletely partitioned off. In the majority of forms the parti- 
tion is composed of a varying number of triangular muscles, 
the alar muscles, which are attached by their bases to the 
walls of the heart, and by their apices to the body-wall. 
While at rest they are somewhat vaulted, the convexity being 
dorsal, and on contraction flatten down, thus enlarging the 
sinus and causing a flow of blood into it. The heart (Fig. 
227, h) is elongated and imperfectly divided into a series of 
chambers, separated by pairs of valves which allow the blood 
to flow from behind forwards but not in the reverse direction, 
the heart being closed behind. Ostia are present in the 
lateral walls to allow of the entrance of blood into the heart- 
chambers, whence it is propelled through very short arteries 
which open widely into the lacunar spaces of the celom. In 
many forms a ventral sinus surrounds the ventral ganglionic 
nerve-chain, the blood flowing in it from before backwards, 
but with this exception definite vessels are wanting. This is 
compensated for by the rich branching of the tracheex, which, 
as stated, serve as respiratory organs and convey air to all 
parts of the body; the air is in fact brought directly to the 
tissues, instead of being carried to them by the blood from 
limited portions of the surface of the body. The blood is 
usually colorless, but in some cases is of a bright yellow or 
green color, owing to pigment contained in the plasma, and it 
contains in all cases colorless amoeboid corpuscles. 

The trachex (Fig. 215, tr) communicate with the exterior 
along the sides of the body by a varying number of pairs of 
stigmata (sé), and may either consist of bunches of unbranched 
tubes connected with each stigma, or of a number of richly- 
branching tubes, each one arising from a separate stigma and 
anastomosing in some cases through some of its branches 
with the tubes from other stigmata. Each stigma is usually 
provided with an apparatus by which it may be closed, and 
in the Insects the air is expired from the trachex by the con. 
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traction of certain dorso-ventral muscles of the abdomen, 
which cause a compression of the organs in that region of the 
body, inspiration following on their relaxation and the conse- 
quent re-expansion of the abdomen. In structure the trachez 
are simply to be regarded as invaginations of the body-wall, 
and consist of a single layer of cells continuous with the hypo- 
dermis of the body, lined within 
—that is to say, on the surface At 
with which the air is in contact 
—with chitin, which is thick- 
ened in such a way as to form 
a spiral band extending along \ 
the tube and serving as a spring ; 
to keep its walls apart. sate 
The digestive tract is in \ 
most groups a straight tube, 
but in Insects (Fig. 227) it may pa") P 
be coiledin a more or less com- af oo 3 
plex manner and differentiated ie me 
into several parts. Glands of é = 
various kinds are usually asso- 
ciated with it, salivary glands @) 
(Fig. 227, sg) opening into the 
anterior portion and Malpighian gt i g 
tubules (mv), in connection with sd 
the posterior portion, being 
the most constant in occur- 

Z Fie. 215.— FIGURE SHOWING THE 
rence. It is to be noted that  Disorrurion or TRACHER IN 
the fore-gut and hind-gut are Aphis pelargonti (after Wrrtaczit). 
ectodermal in origin, and that At = antenne. 
the Malpighian bodies arising g = gland-duct. 
as outgrowths from the hind- lance 

: : tr = trachea. 

gutarealso ectodermal, differing 4, 9 3 — thoracic appendages. 
thusin origin from the similarly- 
named organs of the Arachnida, which are apparently of 
endodermal origin, arising from the mid-gut. In function 
both organs are similar, the Malpighian bodies of Tracheates 
being excretory. 

The nervous system in the less-differentiated members of 
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the type consists of a supracesophageal ganglionic mass, con- 
nected by circumcoesophageal commissures with a chain of 
ventral ganglia, a pair of ganglia corresponding typically with 
each segment. In the Insecta (Fig. 228) more especially, 
however, considerable concentration occurs, a number of the 
postoral ganglia, or, in some cases, all of them, fusing to a 
single mass. A well-developed stomatogastric or sympathetic 
nervous system occurs in all forms, arising from the supra- 
cesophageal ganglionic mass by two trunks, which unite to 
form a single nerve, passing to the digestive tract, and in 
some cases provided with ganglionic enlargements both 
paired and unpaired. 

Sense-organs of various kinds are well developed in the 
Tracheata, with the exception of Peripatus, in which the 
only definite organs of special sense are the eyes. In other 
forms the antenne and other portions of the body are pro- 
vided with hairs connected with nerves and serving as tactile 
organs, and sete situated upon the mouth-parts and associated 
with peculiar nerve-endings have been supposed to represent 
organs of taste, and others again, on the antenne, olfactory 
organs. Jiyes are very generally present. In Peripatus and 
most Myriapoda simple eyes or ocelli are alone present; in 
Peripatus they resemble closely in structure the eyes of the 
Annelids or Mollusea (e.g. Haliotis, see Fig. 127), but in the 
Myriapods and Insects they are usually more complicated. 
Thus in a young larva of <Acilius (Fig. 216, 4), a water- 
beetle, the chitin is thickened to form a cornea (/) which lies 
over a depression of the hypodermis, the cells at the bottom 
of which are modified to form a retina, each being continuous 
at its inner end with the optic nerve (x), while at its outer 
end it bears a layer of chitin (r). The cells of the lip of the 
depression have converged together so as to meet beneath the 
cornea, which is indeed formed by these cells, and a cavity is 
thus enclosed into which there protrude from among the 
retinal cells large cells (mge) with chitin deposited on their 
adjacent surfaces. In a later stage (Fig. 216, 2) the lips of 
the depression have united, a continuous corneal hypodermis 
(vb) being thus produced; pigment has been deposited in the 
lateral cells, and the retinal cells, pigmented near their outer 
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ends and in continuation with the optic nerve, have developed 
distinct rods (r) at their outer ends. 

In the Insecta and occasionally in the Myriapoda (Scuti- 
gera) there are in addition to these simple ocelli compound 
eyes, situated at the sides of the lead and similar in structure 
to the compound eyes of the Crustacea. Each of the om- 
matidia of which the eye is composed, and there may be 


Fig, 216.—Sxcrions THROUGH AN OCELLUS oF A Larva oF Acélius un (A) A 
Very Youne AND IN (B) AN OLDER SPECIMEN (after Parren). 


ir = inverted rods. nm = nerve. 
¢ = cornea. pg = pigment. 
mgc = median giant cells. r = rods. 


vb = vitreous body. 


several thousand of them in each eye, consists of an external 
cornea (Fig. 217, co), usually more or less hexagonal in outline, 
giving the eye a faceted appearance. Beneath the cornea 
are two cells which secrete it and form the corneal hypoder- 
mis, and below these again come four cells, the crystalline- 
cone cells, which may (euconous eyes) or may not (aconous 
eyes) manufacture a crystalline cone (c), and finally beneath 
‘these is a circle of seven retinular cells (four in Lepisma), 
each one of which is pigmented and manufactures a portion 
of the chitinlike rhabdom (rh) which they surround ; these 
cells are probably continuous at their inner ends with the 
optic nerve. Additional pigment-cells (py) separate the 
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various ommatidia. Other sense-organs occur in the various 
groups, but may more satisfactorily be 
considered in the special descriptions 
of these groups. 

True nephridia similar to those of 
the Annelids occur in Peripatus, but in 
the Myriapods and Insects they are en- 
tirely wanting, their place as excretory 
organs being taken by the Malpighian 
tubules. The Tracheata are bisexual, 
the reproductive organs being typically 
paired and opening to the exterior by 
ducts, which may unite before reaching 
the genital orifice. Accessory struc- 
tures, such as a bursa copulatrix for 
the reception of the penis and a recep- 
taculum seminis occur in the female, and 
vesicule seminales and accessory glands 
in the male. The region of the body- 
wall in the vicinity of the reproductive 
orifice is in the Insects frequently in- 
vaginated, adding a still greater com- 
plication, and furthermore the terminal 
portion of the duct in the male is 
frequently capable of being evaginated 
Fie. 217. — OMMatTIDIuM ao ais Serine a & Penis, while 

oF Eve or Musca (atter integumentary elevations or processes 
Hickson). of the last abdominal seement form 
c = crystalline cone. —_ gyipositors in the females, 


co = cornea, 
pg = pigment. cells. 


r = retinula-cells, I. CLass Protracheata, 


Rh = rhabdom. hist er ‘ 
T = trachea. is interesting group contains but a 


ty = tracheal dilatation, Single genus, Peripatus, which has, how- 

ever, a wide distribution, species being 

found in the West Indies and South America, at the Cape of 

Good Hope and in New Zealand, thus indicating an original 

wide distribution of the genus which has become extinet 
except in these few widely-separated regions. 

Peripatus is an elongated cylindrical form, measuring in 
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the Cape species (Fig. 218) from about five to six and a half 
centimetres in length, and is found beneath stones or bark or 
amongst decaying wood. The body-wall is finely annulated, 
the annuli not, however, corresponding to segments, and the 
cuticle is thin, small papille being scattered all over the 
surface of the body, each terminating in a short bristle. 
The head is but poorly marked off from the rest of the body 
and bears a pair of many-jointed antenne, at the base of each 
of which towards the sides of the head is situated aneye. The 
mouth lies in the middle of the ventral side of the head and 
is surrounded by numerous papille, and within its cavity is 
situated a pair of jaws furnished with strong chitinous sickle- 
shaped teeth. These jaws really represent the second pair of 
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Fia. 218.—Peripatus capensis (after MoseLey from BaLFour). 


appendages, the third pair being represented by two short 
papille lying at the sides of the head and having at their tips 
the openings of a pair of glands which extend far back into 
the body-cavity and from which, when the animal is irritated, 
there is violently emitted a sticky fluid, whence the glands 
have been termed the slime-glands (Fig. 219, sd). There is 
no division of the trunk into thoracic and abdominal regions, 
and it bears a number, varying according to the species from 
seven to twenty-one pairs, of ambulatory appendages, each of . 
which consists of a proximal stouter and somewhat conical 
portion bearing rings of papille and a more slender short 
distal portion which bears at its tip a pair of claws (wngques). 
These limbs are unsegmented, differing in this respect from 
those of the Myriapods and Insects, and are also soft owing 
to the thinness of the cuticle, a feature which has suggested 
the name MMalacopoda formerly applied to the type, as the 
presence of ‘the terminal ungues has suggested the term 
Onychophora. The anus is situated at the posterior extremity 
of the body and has on either side of it the anal papillae 
which represent the last pair of limbs. 
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Fie. 219.— FigurRE sHOWING THE 
STRUCTURE OF A FEMALE Peripatus 
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Beneath the thin cuticle is situated the hypodermis, and 
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beneath this a well-developed 
dermal muscular system re- 
calling that of the Annelida, 
being composed of an outer 
layer of circular muscles, be- 
low which are diagonal fibres, 
and below these again strongly- 
developed longitudinal muscles 
arranged in bundles, two of 
which are situated dorsally, 
two laterally, and three ven- 
trally. In addition to these, 
dorso - ventral bands occur 
passing across the celom and 
dividing it into three chambers, 
one median and two lateral, 
and special muscles are also 
present for moving the limbs. 
The celom is_ tolerably 
capacious and consists of two 
portions. The larger portion 
is divided by partitions into 
several subordinate cavities 
(Fig. 220), and is lined through- 
out by a peritoneal epithelium 
which covers the various or- 
gaus. From it are, however, 
separated certain cavities with 
definite walls, which stand in 
relation to the nephridia and 
the reproductive organs and 
will be spoken of in connection 
with these organs. <A heart 
(Fig. 220, 2) of a tubular form 
extends throughout almost the 
entire length of the body, lying 


pericardial space (Fig. 220, pc) incompletely separated 
from the rest of the celom by a fenestrated transverse par- 
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tition. A pair of ostia are situated on the dorsal surface of 
the heart in each metamere, and pass the blood into the heart 
from the pericardial space. Respiration is performed by 
trachee (Fig. 219, tr) consisting of slender unbranched tubes 
which arise in bunches from stigmata, either scattered ir- 
regularly over the surface of the body in considerable 
numbers or else arranged, as in P. capensis, somewhat imper- 
fectly in two rows upon the dorsal and two on the ventral 
surface of the body. 

The mouth opens into the mouth-cavity containing the 
mandibles, and this communicates posteriorly with a muscu- 
lar pharynx, and has opening into it the ducts of two long 
tubular salivary glands (sp) which extend through more than 
half the length of the body. The pharynx (p) communicates 
by a short cesophagus with the stomach, which extends as a 
straight tube almost to the extremity of the body, where a 
short rectum places it in connection with the anus. The 
pharynx and cesophagus and the rectum are lined with chitin 
and represent the fore-gut and hind-gut of other Tracheates, 
the stomach being the mid-gut. No Malpighian tubules or 
other diverticula of the intestine occur. 

The nervous system shows several highly-interesting 
features. There is, as is usual in metameric animals, a supra- 
cesophageal ganglion-mass (Fig. 219, og) composed of at least 
two and probably three pairs of ganglia, of which the first 
supplies the antenuz and the second the mandibles, while a 
third pair lies at the sides in close coutact with the second 
pair and sends nerves to the oral papilla. These latter are, 
however, postoral and ventral in position, and from them 
there extend back two ventral cords (bm) which in each 
metamere dilate into a ganglionic swelling. The two ventral 
cords are, however, widely separated, lying in the lateral 
chambers of the ccelom (Fig. 220), and are connected by a 
large number of cross-commissures—a condition which recalls 
the arrangement in the Amphineurous Mollusca (see Fig. 
124), the similarity being further increased by the facts that 
the two cords unite behind and above the rectum, as in the 
Solenogastres, and that the ganglion-cells are not confined to 
the enlargements but are scattered all along the cords. The 


478 INVERTEBRATE MORPHOLOGY. 


eyes are the only special organs of sense; their structure has 
been already indicated (p. 472). 

One of the most interesting features of Peripatus is the 
occurrence in it of typical nephridia (Fig. 219, so). Upon the 
under surface of the proximal portion of each limb, with the 
exception of the penultimate or last pair, there is a slitlike 
opening which leads into a more or less coiled tube lying in 
the coelomic compartment, which extends into the limb and 


Fig. 220.—TRANSVERSE SECTION oF A Perdpatus (after Sevewicr). 
¢ = central compartment of celom. mg = slime-glands. 


g = reproductive organ, NV = ventral nerve-cords. 

h = heart. né = uephridia. 

I = intestine. p = compartment of celom which 

4 = lateral compartment of celom. extends into the limb. 

m = muscles. pe = pericardial compartment of the 
ceelom. 


terminates in a thin-walled vesicle. These tubes are ne- 
phridia, the terminal vesicles (Fig. 220, ne) representing por- 
tions of the coelom into which the nephridia open—a fact 
indicated by their embryological history. The nephridia are 
thus exactly comparable in every respect with the nephridia 
of Annelids, communicating at one extremity with the exterior, 
and at the other with the coelomic cavity. It is interesting to 
note that the development of the salivary glands shows that 
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they are the modified nephridia of the third segment of the 
body, that which bears the oral papille, and furthermore it is 
to be noted that in the last or next to last (according to the 
species) limb-bearing segment, in which nephridia are wanting, 
are found the ducts of the reproductive organs—a fact which 
suggests that these are also modified nephridia. This idea is 
confirmed by the development of the genital ducts, and car- 
ries with it the corollary that the cavities of the reproductive 
organs (Fig. 220, g) are portions of the coelom, just as they 
were shown to be in the Mollusca (see p. 288). 

In addition to the nephridia there are associated with cer- 
tain of the appendages glands which open on the under sur- 
face of their basal moiety aud are termed the crural glands. 
In P. capensis they are present in all the appendages except 
the more anterior one, and the slime-glands are simply the 
highly-modified crural glands of the oral papille, those of 
the last pair of appendages in the males of this species being 
similarly elongated though possessing a different function. 
In P. Hdwardsii, however, crural glands occur only in the 
males, and in these only in a few segments immediately in 
front of that bearing the reproductive opening. 

The Protracheata are bisexual, the female usually being 
somewhat larger than the male. The ovaries are paired, 
though included within a common capsule, and lie in the pos- 
terior part of the celom. They are continuous with two 
uteri, which immediately at their origin are united by a trans- 
verse tube, and each bears a receptaculum ovorum and a 
receptaculum seminis. Beyond this each continues its course 
along the side of the body, passing backwards to finally 
unite at the common orifice, lying a short distance in front of 
the anus on the ventral surface of the body. The testes are 
slender paired structures which are continuous with a slender 
vas deferens. This dilates a short distance from the testis 
into a vesicula seminalis and then unites with its fellow of the 
opposite side to form a slender somewhat coiled tube, the 
ductus ejaculatorius, in the terminal portion of which the 
spermatozoa are united together into a spermatophore. The 
Protracheata are viviparous. 


480 INVERTEBRATH MORPHOLOGY. 


Affinities of the Protracheata.—Peripatus is a highly-suggestive form 
on account of possessing both Annelidan and Tracheate characteristics, so 
that it has been generally regarded as indicating a descent of the Tracheate 
forms from the Annelids. Its Annelidan features are, first, the presence of 
a distinct dermal muscular system; second, the occurrence of crural glands 
which seem to be homologues of the glands which secrete the setze in the 
Annelida; third, the possession of nephridia corresponding closely to those 
of the Annelids; and fourth, the structure of the eyes. On the other 
hand, its Tracheate affinities are shown by the claw-tipped feet, by the 
adaptation of the feet (mandibles) for masticatory purposes, by the ten- 
dency towards a concentration of the anterior segments to form a head, 
and by the occurrence of tracheze. Both these sets of features are highly 
important, and, taken with the wide distribution of Peripatus, point 
strongly to its being the representative of a connecting link between Tra- 
cheates and Annelida, a phylogeny which may be considered more in de- 
tail at the close of this chapter. 


II. Crass Myriapoda. 


The Myriapoda possess a distinct head composed of a num- 
ber of fused segments and followed by a distinctly-segmented 
body formed of a varying number of segments, all of which 
are more or less similar, there being no differentiation of a 
thorax and abdomen. A single pair of appendages as a rule 
is borne by each segment, with the exception, in some cases, 
of the last. The most anterior pair are usually long multi- 
articulate antenne, the second pair mandibles, and the third 
and fourth, or the third alone, are modified to form maxille; 
the succeeding pairs, with one or two exceptions, are ambula- 
tory, and are jointed and tipped by a claw. 

The chitinous cuticle is generally thick, and consequently 
no definite system of dermal muscles is developed, a number 
of separate muscles occurring in each segment for moving the 
appendages and the various segments upon one another. 
Glands of various kinds opening upon the surface of the body 
occur, the most important being glands or protrusible gland- 
ular sacs situated upon the basal joints of a number of the 
appendages and apparently homologous with the crural 
glands of Peripatus. 

The heart is in all forms very long, extending through the 
entire length of the body behind the head, and possessing 
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just as many chambers and pairs of alar muscles as there are 
trunk-segments. The number of stigmata vary, in some 
forms only a single pair occurring, while in others there is a 
pair on each segment of the trunk; and the form of the 
trachexz varies also, as they are sometimes branched and 
sometimes arranged in bunches composed of a number of un- 
branched tubes. 

The digestive tract is almost always a straight tube, ex- 
tending through the body to the terminal anus. The mouth 
is guarded in front by a well-developed upper lip or labrum, 
while the fusion of the maxille behind it in many forms pro- 
duces a lower lip. It leads into an ectodermal fore-gut, and 
this into an endodermal mid-gut, which is usually provided 
with a number of unbranched diverticula termed hepatic ceca. 
One or two pairs of Malpighian tubules open into the ante- 
rior end of the ectodermal rectum, and serve as excretory 
organs. 

The nervous system except in the head region shows but 
little trace of concentration, there being as a rule in each 
segment of the trunk a pair of ganglia. The antennal ganglia 
are fused with the supracesophageal ganglionic mass which 
sends off branches to the ocelli; these may be quite numer- 
ous, though compound eyes do not as a rule occur. A sympa- 
thetic system is present as in other Tracheates. 

There are no nephridia so far as known in the group, the 
excretion being performed by the Malpighian tubules. The 
reproductive organs are paired, and open to the exterior in 
some cases by paired orifices, but more usually by a single 
opening, which may be situated either far forwards, or else 
in other cases néar the posterior extremity of the body. 


1. Order Pauropoda. 


The order Pauropoda contains a few small forms in which 
the trunk possesses but ten metameres and nine pairs of ap- 
pendages, which, with the exception of the first pair, are six- 
jointed and terminate in aclaw. In some species, when viewed 
from the dorsal surface, the segments appear to be less nu- 
merous than the appendages, a condition which results from 
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the fusion of certain metameres in pairs, so that two pairs of 
appendages appear to belong to some of the segments, the 
double nature of which is further shown by 
the occurrence in them of two pairs of 
nerve-ganglia, ‘he antennz (Fig. 221) are 
remarkable in form, consisting of a four- 
jointed basal portion which bifurcates at 
the tip, one of the bifurcations bearing two 
long flagella and a peculiar spherical 
stalked body, while the other one bears a 
single flagellum. Mandibles are present, 
and there is also a single pair of but poorly- 
developed maxille. 
Fie, 221. — Pauropus Trachez or other respiratory organs are 
Huzley? (trom Leunis). nOt yet known to exist. A large simple eye 
occurs on each side of the head near the 
base of the antenne, and the reproductive opening is situa- 
ted upon the second trunk-segment. 

Further study of this group is much needed to elucidate 
its characteristics. The genus Pawropus has ten trunk-seg- 
ments, of which the first nine bear appendages; while in 
Eurypauropus there are only six trunk-segments, and eyes are 
wanting. 


2. Order Diplopoda. 


The Diplopoda, sometimes termed the Chilognatha, are 
popularly known as the Millipedes on account of the commoner 
forms possessing an unusually large number of appendages. 
The body is usually cylindrical and provided with a hard 
cuticle, and many forms are in the habit of rolling themselves 
when disturbed into a ball or a helixlike coil, thus protect- 
ing the more delicate ventral surface of the body. The aun- 
tenne (Fig. 222, at) are generally seven-jointed and are never 
very long, and the mandibles are strong jaws without palps. 
In front of the mouth is a well-developed upper lip (aw), while 
behind it is a lower lip formed by a fusion of the maxillie (mz). 
According to some authors this lower lip represents two pairs 
of appendages, but its innervation and embryological history 
seem to be opposed to this view. The segments behind the 
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head vary in number in different genera from eleven (Glo- 
meris) to over one hundred, and the number of appendages is 
much greater still, since the majority of the segments bear 
two pairs of limbs and in reality represent each two meta- 
meres. The four or five anterior trunk-segments are, however, 
single, bearing but a single pair of limbs (Fig. 222), and one 
of them—-in some cases the 
first, in others the second, but 
more usually the third (Zulus)— 
is entirely destitute of appen- 
dages. The last few segments 
also carry but a single pair of 
appendages, as does also the 
seventh segment in the males, 
the appendages of which are 
usually modified to serve as 
copulatory organs. 

Stigmata occur on each of 
the trunk-segments, the double 
segments bearing two pairs, 
situated on the ventral surface 
near the coxal joints of the 
limbs. Each one hasin connec- 


Fig, 222.—ANTERIOR PORTION OF A 
DIPLOPOD. 
at = antenna. 


tion with it a bunch of un- cop = copulatory appendages. 
branched trachex, a condition ma = maxilla. 
ul = upper lip. [segments. 


recalling somewhat that of Peri- 
patus, although the location of 
the stigmata is much more regular and definite. Upon the 
dorsal surface of the body there is in most species a row of 
pores which have been mistaken for stigmata, but are really 
the openings of glands (gl. repugnatoria) secreting an oily 
evil-smelling fluid which serves as a means of defence. In 
the genus Polydesmus the secretion contains hydrocyanic 
acid. Crural glands do not as a rule occur, but protrusible 
warts occurring on the coxal joints of a number of legs in 
some genera (Lystopetalum) have been regarded as homolo- 
gous structures. 

The nervous system has the characteristic Myriapodan 
arrangement, each of the double segments possessing two 


1, 2, 8,4 = the four anterior trunk- 
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pairs of ganglia. Eyes are usually present and are always 
simple, varying in number from two to as many as eighty. 

The Diplopoda are bisexual, and the ovaries or testes form 
a single mass from which two ducts, or one which later 
divides into two, arise and pass forward to open on the ven- 
tral surface of the body between the second and third trunk- 
segments. The embryos when first hatched out possess but 
three pairs of legs, situated upon the first, third, and fourth 
segments in Strongylosoma, and on the first, second, and fourth 
in Julus, one or more segments without appendages lying 
behind the fourth pair. By successive moults new segments 
and appendages are added and the form of the adult gradu- 
ally acquired. 

The Diplopoda live for the most part under stones, etc., 
or among dead leaves, and find their food in decaying vege- 
table matter, though some forms will attack living vegetation 
and may prove thereby injurious to gardens. The commonest 
form, Julus, may readily be obtained under stones or boards 
all through the summer. 


3. Order Chilopoda. 


The Chilopoda, or Centipedes, are very different in their 
habits from the Millipedes, being carnivorous and provided 
with poison-glands which render the larger forms of Scolo- 
pendra dangerous even to man. The body is as a rule some- 
what flattened and less hard than that of the Diplopoda. 
The antenne (Fig. 223, at) are usually long, with at least 
twelve joints, and may be as long as the body, while the 
mouth-parts are much more complicated than in the Dip- 
lopoda. The mandibles and upper lip resemble the corre- 
sponding parts in that group, but the mavxille (mz) are jaw- 
like, are not fused together, and in some forms ((Geophilus) 
bear a palp. Behind the maxille comes a pair of second 
maxille (mzx*), which, however, do not serve as jaws but are 
reduced to a pair of palplike structures, and behind these again 
is a pair of maxillipeds (map), the appendages of the first 
trunk-segment, with their basal joints fused to form a lower 
lip supporting a four-jointed palp, the last joint of which is 
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clawlike and is perforated by the duct of a poison-gland. 
Each trunk-segment, of which there may be over a hundred, 
bears but a single pair of appendages, 
there being no compound segments as 
in the Diplopoda. Each leg is as a 
rule seven-jointed, the coxal joints of d 
those of the same segment being widely 
separated, and there is no modifica- 
tion of the seventh pair to serve as 
copulatory organs. though the pair of 
the penultimate segment are much 
reduced in size and lie at the sides of a ae ene Oe 
the reproductive orifice. MON OF 4d: CHALOBOD: 
Stigmata are usually wanting in the — at = antenna. 


{/ 
f 
hy 
() 


first three trunk-segments, but occur in sal = maxilla, 
a certain number of the others, lying ™” = Second maxilla. 
map = maxilliped. 


usually laterally between the segments 
except in Scutigera,in which they have a dorsal position. 
They open into branched tracheal trunks which usually an- 
astomose with one another, though in Scutigera they open 
into sacs from which a large number of simple unbranched 
tracheal tubes arise arranged in a bunch as in the Diplopoda. 
Crural glands occur on the coxal joints of several of the 
posterior appendages. 

The nervous system is arranged as in other Myriapods, and 
simple eyes are usually present, in Scutigera only being closely 
ageregated together to form a faceted eye. This, however, is 
not a compound eye exactly similar to that of the Insects, but 
is to be regarded simply as a close aggregation of simple 
eyes. 

The reproductive organs are usually paired, and the sexes 
separate. The ducts unite before opening to the exterior, so 
that there is but a single opening situated on the antepenulti- 
mate segment of the trunk, the appendages of which are 
greatly reduced in size. The embryos of Scolopendra and 
Geophilus leave the egg with almost the same number of ap- 
pendages as the adult, while those of Scutigera and Lithobius 
possess but seven pairs of legs (in addition to the maxillipeds) 
and gradually acquire others by successive moults. 
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In Scutigera, a form which frequents the warmer parts of 
the world, the dorsal surface of the body is covered in by 
eight shieldlike folds which conceal a certain number of the 
segments, which are about fifteen in number. Lithobius has 
the same number of segments and is common uuder stones, 
etc., asis also Geophilus and Scolopendra, both elongated forms, 
the former usually without eyes, while the latter usually 
possesses them but has only some nine or ten pairs of stig- 
mata. Some of the species of Scolopendra, especially those 
living in warm countries, grow to a considerable size and are 
capable of inflicting a dangerous wound. 


4. Order Symphyla. 


The order Symphyla contains a number of small forms 
referable to one or two genera, of which the best known is the 
genus Scolopendrella (Fig. 224). Unfortunately the details of 
the structure of the members of the group are by no means 
well known, a circumstance all the more to be regretted since 
Scolopendrella seems to possess certain Insect-like features. 
The body is elongated, and on the dorsal 
surface possesses a number of plates 
which overlap slightly, but which do 
not correspond in number with the ap- 
pendages. The head bears a pair of 
long many-jointed antenna, and behind 
these, in the region of the mouth, is a 
pair of mandibles and a single pair of 
maxille, both these last-named ap- 
pendages being deeply imbedded as it 
i were in the tissues of the head, their 
Fie. 224.— Scolopendrelia tips only projecting. The first pair of 
immaculata (from Leunts). trunk appendages is not transformed into 

maxillipeds as in the Chilopoda, but is 
ambulatory in function, and most, but not all, of the succeed- 
ing segments, of which there are apparently fourteen, bear a 
pair of five-jointed legs terminated by two claws. Attached 
to the coxal joints of most of these appendages is a peculiar 
spurlike process, internal to which is situated a protrusible 
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glandular sac which is probably to be regarded as a crural 
gland. The last pair of appendages may be unjointed, each 
bearing a tactile seta, and attached to the last segment is a 
pair of conical processes each of which has opening at its tip 
the duct of a spinning-gland. 

Two stigmata, situated at the base of the antenne, are the 
only ones which occur, their position being very remarkable. 
They open into bunches of branched trachew which extend 
throughout the greater portion of the body, leaving only the 
appendages and the posterior part of the trunk destitute of 
an alr-supply. The Malpighian tubules attached to the 
hind-gut are very long, and salivary glands opening upon the 
maxille are present. 

Eyes do not occur. The reproductive organs are situated 
in the fourth trunk-segment and are paired. The oviducts 
and vas deferens unite together and open to the exterior by a 
single pore situated also upon the fourth segment, though it 
has been described by some authors as situated at the pos- 
terior extremity of the body. Very little is as yet known 
concerning the development of Scolopendrella, whose similarity 
to the Insects is shown in the antenne and the mouth-parts ; 
indeed it has been advocated by some writers that the genus 
should be associated with the Thysanura among the Insecta, 
and the possibility of its being a connecting link between that 
group and Myriapodous forms is indicated in the name applied 
to the order. 


III. Crass Insecta. 


The class Insecta is far richer in species than any other 
class of animals, some two hundred thousand species belonging 
to it being known to exist, and of these about eighty thousand 
are beetles. A very large number are provided with organs 
of flight and may be termed aérial; others are terrestrial, 
living either upon the surface of the earth or excavating bur- 
rows beneath its surface; while some have adapted them- 
selves to an aquatic mode of life, and others are even marine, 
members of the genus Halobates being found on the surface 
of the ocean many miles from land. Many species, living as 
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they do upon vegetable food either in the adult or larval 
stages, and occurring occasionally in enormous numbers, form 
powerful enemies to the horticulturist and agriculturist, the 
Rocky Mountain Locust, for example, devastating at times 
the crops, while fruit and forest trees are injured by the at- 
tacks of other forms. 

The Insecta differ from other Tracheata in having the 
body divided into three well-marked regions. The most an- 
terior of these is the unsegmented head, bearing the antennze 
and the masticatory appendages, and immediately following 
it is the thorax, composed of three segments, the prothoraz, 
mesothorax, and metathorax, each of the last two bearing 
usually a pair of wings upon its dorsal surface, while pos- 
teriorly is the segmented abdomen composed typically of ten 
segments, sometimes as broad as the thorax at the junction 
with that region, sometimes contracted to a narrow stalk. In 
many cases, however, the apparent number of segments falls 
below ten owing to the fusion of certain of the posterior seg- 
ments or the union of the anterior segment with the thorax, 
and in the Butterflies and two-winged Flies the thoracic seg- 
ments seem to be reduced to two owing to the close associa- 
tion of the metathorax with the first abdominal segment. 

Four pairs of appendages are borne by the head. The 
antenne, and indeed all the appendages, vary greatly in 
shape in the various groups, but are usually long slender 
multiarticulate structures provided with sensory hairs. The 
masticatory appendages are a pair of mandibles and two 
pairs of maxillw, which are variously specialized for biting, 
piercing, or sucking. The most typical condition is that in 
which the entire apparatus is adapted for biting and that may 
be described here, leaving special modifications to be con- 
sidered in connection with the orders in which they occur. 
The mandibles (Fig. 225, C) are strong unjointed toothed 
plates which meet together in the middle line and are pro- 
vided with strong muscles. The first maxille, or, as they are 
usually termed, the maxille (Fig. 225, B), on the other hand 
are distinctly jointed, and consist of a basal joint, or cardo, 
succeeded by a second joint, or stipes, which bears on its 
outer side a multiarticulate palpus (p) and terminates in one 
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or two unsegmented plates of which the innermost is usually 
toothed. The second maxille (Fig. 225, A) are also jointed 
and are fused together to form a lower lip, or labiwm. The 
fused basal joints form the 
submentum (sm), the second 
joints the mentum (m), which 
bears, as does the stipes of the 
maxille, a jointed palp (p) and 
terminates frequently in two 
unjointed plate-like processes. 
The three pairs of appendages 
of the thorax are typically 
ambulatory, but are modified 
for clasping, swimming, digging, 
etc., according to the habits of 
the insect. They typically con- 

: +s Fie. 225.—Movurn-parts oF A BEE- 
sist of a basal joint, the coxa, ita Monn neraiiee 
succeeded by one or two small We Tahitian: 
joints, the trochanter, upon B = maxilla. 
which follow a femur, a tibia, C = mandible. 
and a tarsus, the last consisting 
of five (occasionally four) short joints, the terminal one bear- 
ing two claws or ungues. The abdomen in the adult forms is 
as a rule, destitute of appendages, except in the Thysanurans 
(Fig. 231), the lowest of all the orders of Insects. In these a 
number of the segments are provided with a pair of spurlike 
processes which recall the spurs upon the basal joints of the 
trunk appendages of Scolopendrella, and are apparently ho- 
mologous with them. In the embryos of probably all forms 
rudimentary appendages are found on some of the abdominal 
segments, but they later disappear, showing, however, a de- 
scent of the Insecta from forms in which abdominal appen- 
dages were functional in the adult. Processes of various 
kinds, such as cere?, ovipositors, and copulatory organs, are 
frequently borne by the posterior abdominal segments, but 
these do not seem to be equivalent to appendages. 

As stated, a pair of wings is usually borne by the meso- 
and metathoracic segments. These structures are entirely 
wanting in the lowest insects, the Thysanura and Collembola, 
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as well as in certain forms belonging to other groups which 
have lost them through parasitism (Mallophaga, Pulex, Melo- 
phagus) or other causes (Worker and Soldier Termites, Neuter 
Ants, the females of some Moths). They are, when their 
possessors are first hatched out, saclike structures, pro- 
cesses of the body-wall, trachew enclosed within blood-lacunze 
extending from the body into their cavities. Later, however, 
the walls of the sac come into contact, the cavity being ob- 
literated, the tracheew with the blood-lacune in which they 
are situated remaining enclosed within the flat plates so 
formed and constituting the so-called veins of the wing, which 
have in most species a characteristic and constant arrange- 
ment. In certain forms the anterior wings become more 
or less thickened by the deposition in them of additional 
chitin, and may form hard plates (elytra, Fig. 239) which 
serve as a cover and protection for the posterior wings, which 
in such cases are alone used in flight. In the two-winged 
Flies (Fig. 244) the posterior wings are very much reduced, 
being represented only by two small club-shaped structures. 
termed “balancers,” attached to the sides of the metathorax. 

The body is enclosed in a chitinous cuticle, usually of 
some firmness and frequently bearing numerous hairlike pro- 
cesses, certain of which serve as sense-organs. Glands open- 
ing on the surface of the body also occur in connection with 
the integument; for example, peculiar protrusible glandular 
sacs are situated, two or four on each segment, on the ab- 
dominal segments of the Thysanura and Collembola close to 
the spurlike abdominal appendages present. in those forms,. 
and are in all probability homologous with the similar struc- 
tures of Scolopendrella and therefore presumably represent 
crural glands. These glands appear, however, to be wanting 
in other insects. Many genera of Hemiptera possess glands 
which produce a malodorous secretion, and wax-glands occur 
in the Plant-lice (Coccide) and Bees, the latter also possess- 
ing poison-glands in connection with a complicated stinging- 
apparatus, which is a modified ovipositor. 

The respiratory stigmata vary greatly in number in dif- 
ferent groups of Insects. In the wingless Thysanura and 
Collembola there are usually ten stigmata on each side of the 
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body, two being situated on the sides of the thorax and eight 
ou the abdomen, but in Campodea the number is reduced to 
three pairs, which occur upon the thorax. In the winged 
forms the number also varies somewhat, but there are again 
typically ten pairs, arranged as in the Thysanura. They lead 
into short trunks, which, in Campodea, ramify through the 
body without anastomosing, but more usually they are united 
on each side of the body by a longitudinal tube, from which 
pass off numerous branches penetrating to all parts of the 
body, and transverse connecting tubes passing between the 
systems of the two sides (see Fig. 215). In certain forms 
which are active flyers the longitudinal tubes are frequently 
dilated to form air-sacs, as in the 
Bees, or numerous air-sacs may occur 
which may be more or less emptied 
or expanded according to the will of 
the insect, the specific gravity of the 
body being thus altered. In the 
aquatic larve which occur in some 
forms, such as the May-flies (Epheme- 
ride, Fig. 226), adaptations occur for 
the breathing of air dissolved in the 
water, the sides of the body in the 
abdominal region being prolonged into 
a number of pairs of platelike process- 
es, into which branches of the trachee 
project, an interchange of the gases 
contained in the tracheze for those 
dissolved in the water taking place 
through the walls of the plates, simi- 

: . Fre. 226.—LaARvVA OF AN 
larly to what occurs in the branchiea py vewiurtp irom enseaeh 
of the Crustacea, thoughin these forms a = tracheal brauchia. 
the exchange is directly with the gases 
of the blood. These structures are consequently termed 
tracheal branchie, and while they are functional, the stigmata 
are closed, only opening when the adult stage is reached and a 
terrestrial life adopted. Asa rule the tracheal branchiz are 
thrown off at the moult by which the adult form is reached, 
but in a few forms they persist throughout life. 
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A dermal muscular system does not exist, but complicated 
_and well-developed muscles are present for the movement of 

the various parts of the body, those occurring in the thorax 
being especially well developed and serving for the movement 
of the limbs and wings. As in other Tracheates the coelom 
is lacunar, and the heart lies in a pericardial sinus below the 
dorsal surface of the body, alar muscles extending from it to 
the walls of the body and partly dividing the sinus into a dor- 
sal and a ventral chamber. In the Thysanura the heart 
extends from the posterior thoracic region throughout the 
greater part of the abdomen, and consists of nine chambers 
separated by valves and each provided with a pair of ostia and 
a pair of alar muscles. In the majority of forms (Fig. 227, h), 
however, the heart is entirely confined to the abdominal 
region, and the number of chambers, though frequently as 
high as eight, may be greatly reduced. An aorta extends 
forwards from the anterior chamber into the head, in the 
Butterflies (Fig. 227) dilating in the thorax to form a second- 
ary heart (ah), and sends off branches which quickly empty 
into the lacunar spaces. 

The greater portion of the abdomen is occupied by a 
peculiar tissue, termed the fat-body, in which the various 
organs are more or less imbedded, and which receives its 
name from the fact that its cells contain globules of fatty 
matter, and in the adult insect usually also concretions of uric 
acid. It is not necessarily confined to the abdomen, but may 
extend into the thorax or even into the head. In certain 
Beetles—the Fireflies (Lampyride) and Pyrophorus of the 
West Indies—certain regions of the body, especially the 
abdomen, and, in Pyrophorus, two spots upon the thorax, give 
out under certain conditions, apparently under control of the 
animal, a very bright light, usually spoken of as a phosphores- 
cence. The tissue which produces the light is the fat-body, 
or special portions of it abundantly supplied by trachew, and 
the process seems to be one of oxidation of phosphorus- 
containing substances. The exact nature of the phenomenon 
is but poorly understood at present, and it is not possible by 
any means at our disposal to produce in the laboratory a 
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light equal in intensity to that of the Firefly with the expendi- 
ture of as little energy. 

The digestive tract is as a rule much more complicated 
than in other classes of Tracheates and is generally more or 
less twisted or contorted in the abdominal region, so that 
usually it is longer than the body. The mouth is bounded 
in front by a usually large upper lip or labrum, generally 
described with the mouth-parts, but distinguished from them 
in not representing a pair of appendages. The anterior 
portion of the intestine, the fore-gut, is ectodermal in origin 


Fig. 227.—STRUCTURE oF BUTTERFLY, Danais archippus (after BurcEss). 


@ = antenna. mv = Malpighian tubules. 
ag = accessory gland. od = oviduct. 
ah = accessory heart. ov = ovary. 
an = abdominal ganglion. ph = pharynx. 
be = bursa copulatrix. pl = palp. 
c¢ = crop. $ = stomach. 
cc = canal uniting be and oviduct. sg = salivary gland. 
ce = cerebral ganglion. tg = thoracic ganglion. 
h = heart. I-III = thoracic segments. 
¢ = thoracic limbs. 1-9 = abdominal segments. 


as in other Tracheates and consists of a mouth-cavity 
into which, or in its neighborhood, the ducts of one or 
more generally well-developed salivary glands (Fig. 227, sy) 
open. The secretion of these glands varies considerably in 
different forms, one of the pairs present in the larve of the 
Butterflies and certain Moths being transformed into silk- 
spinning glands, the silk of the Silkworm being a product of 
their activity. When digestive the secretion seems to have 
a peptonizing effect as well as the power of transforming 
starch into sugar, and is consequently of considerable diges- 
tive importance. The mouth-cavity opens behind into an 
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cesophagus, whose posterior region is frequently dilated into a 
crop (Fig. 227, c) which in some Beetles is lined with chitinous 
teeth or bars and whose walls are muscular, the apparatus 
probably serving for a further mastication of the food. The 
mid-gut which succeeds the crop is usually dilated into 
a stomach (s), lined in some cases by glandular cells, or, 
in others, having opening into it numerous glandular diver- 
ticula, the so-called liver-pouches. The hind-gut, like the 
fore-gut of ectodermal origin, has opening into its anterior 
extremity the Malpighian tubules (mv), which vary consider- 
ably in number, amounting to nearly one hundred in some 
Hymenopterans, though more usually limited to from four to 
eight. They are excretory in function, and are apparently the 


Fig. 228.—Dirrerent ARRANGEMENTS OF THE NERVouS SysTEM IN INSECTS 
(from Gecenpaur). A, Termes; B, Dytiscus,; C,a fly. 


only excretory organs which occur. The anus is situated at 
the extremity of the body, and in close proximity to it odor- 
iferous glands frequently open into the hind-gut, serving as 
organs of defence. In some cases they secrete an acrid fluid 
which, as in the Bombardier beetle (Brachinus), can be ex- 
pelled with almost explosive force. 

The nervous system in forms where it shows the least 
amount of modification (Fig. 228, 4) consists (1) of a supra- 
cesophageal mass composed apparently of three pairs of 
ganglia and supplying the eyes and the antennew ; (2) of a sub- 
esophageal mass composed also of three pairs of ganclia 
supplying the segments indicated by the mandibles, the 
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maxille, and the labium ; (3) of three pairs of ganglia in the 
corresponding thoracic segments ; and (4) of a chain of ab- 
dominal ganglia, a pair occurring in each segment except 
usually the last two or three, in which a compound ganglion 
occurs. Frequently, however, this typical condition is modi- 
fied by a greater or less concentration of the various ganglia, 
the thoracic ganglia fusing to a single mass, as may also, more 
or less perfectly, the ganglia of the abdominal chain (Fig. 228, 
B), aud the latter may even unite with the thoracic ganglia to 
- form a single mass situated in the thorax, as in certain two- 
winged flies (Fig. 228, C). A visceral system is usually pres- 
ent arising from the supracesophageal (cerebral) mass and 
being distributed to the walls of the digestive tract. 

The antenne of insects seem to act as sense-organs, and 
serve apparently to control the flight, since when removed the 
insect is not able to fly with its accustomed ability. So too 
it seems probable that in the Ants and Roaches these appen- 
dages are the seat of the olfactory sense, and in the Mosquito 
it seems that certain hairs upon them may be auditory in 
function. Compound eyes, frequently consisting of several 
thousand ommatidia, are usually present, as well as a small 
number of simple eyes (ocelli) situated upon the dorsal sur- 
face of the head. Special organs, which have usually been 
considered auditory, also occur in many.forms, varying con- 
siderably in complexity. In its simple form such an organ 
consists of a single nerve-fibre which dilates into a ganglion- 
cell, prolonged into a terminal hair which is enclosed within 
a Sheath fastened at one end to the wall of the body. This 
whole apparatus is termed a chordotonal organ, and there is 
usually attached to the sheath just where the hair arises from 
the ganglion a ligament, which is also inserted into the body- 
wall. In the majority of cases a number of ganglion-cells and 
hairs are associated to form a chordotonal organ (Fig. 229), 
the various hairs sometimes being grouped within a single 
sheath,—sometimes, however, spreading out in a fanlike man- 
ner, each possessing its own sheath. These organs occur in vari 
ous parts of the body, on the antennex or on the limbs. In 
the grasshoppers (Acridiide) the first abdominal segment 
bears on either side a thin tense membrane, a thinned portion 
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of the cuticle, recalling the tympanic membrane of the human 
ear, beneath and in connection with which is a chordotonal 
apparatus, further improved by the occurrence in close prox- 
imity to it of a saclike enlargement of a trachea which serves 
as a resonator. Similar organs occur in pairs on opposite 
sides of the tibiew of the first pair of legs in the Crickets 
(Gryllide), and seem from their structure to be auditory 


Fig. 229.—SuBGENUAL CHORDOTONAL ORGAN OF THE TIBIA OF THE SECOND 
TuHoracic APPENDAGE OF Isopterya (after GraBeR from Lane). 


bk = blood-corpuscles. g2 = nerve-cells. 
c = integment. tr = trachea. 
es = terminal ligament. sc = terminal hairs and sheaths. 


organs, whence the conclusion that the more simple chordo- 
tonal organs also subserve this function. 


It is interesting to note that the males of the forms provided with a 
tympanal organ possess the power of making a harsh or sharp chirping 
noise, produced in the Grasshopper by rubbing the femora of the hind legs, 
which are furnished on their inner surfaces with a row of fine teeth, over 
the strong marginal veins of the anterior pair of wings ; and in the Crickets 
and Locustide by rubbing together the two anterior wings, a row of teeth 
upon a vein of one wing working upon a projecting smooth vein of the 
other. The male Cicadas also make a similar noise, the stridulating appa- 
ratus resembling that of the Grasshoppers, and in all cases it seems to be a 
sexual characteristic serving to attract the females. 


The sexes are separate, and a more or less distinct sexual 
dimorphism occurs, the males being usually smaller and more 
slender than the females. In some cases, as in the Tussock- 
moth (Orgyia), the female lacks wings and has a very different 
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appearance from the males, and in many Beetles the male is 
adorned with spines and tubercles upon the head which are 
but rudimentary or absent in the female. Differences in the 
shape of the antenne and the presence or absence of stridu- 
lating organs also serve to distinguish the two sexes in some 
of the groups. Ina few forms a polymorphism is produced 
by the failure of certain individuals to reach sexual maturity 
and by the assumption by them of certain special structural 
characteristics. Examples of such cases are afforded by the 
Bees, Ants, and Termites, the workers of the first two groups 
being immature females, while in the Termites (Fig. 237) the 
so-called neuters may be either males or females, always, 
however, immature. 

The ovaries (Fig. 227, ov) are paired and consist of a 
varying but usually rather large number of tubes, which start 
from a common basis. At the extremity of each tube is the 
germ-producing region, the rest of the tube being divided into 
a series of chambers each of which contains an ovum sur- 
rounded by a layer of follicle-cells. Not unfrequently the 
chambers are arranged more or less distinctly in pairs, the 
lower one of each pair containing an ovum, while the upper 
contains a number of small cells similar in appearance to the 
primary germ-cells, but which serve as nutrition for the ovum 
which gradually absorbs them (see Fig. 20). From each 
ovary an oviduct arises, the two, however, soon uniting, and 
receiving, usually not far from the unpaired orifice, the ducts 
of various glands (ag) whose secretion serves to cause an 
adhesion of the ova to the structures on which they are 
deposited. A receptaculum seminis is usually present, aud 
there is frequently a large pouch, partially separated from the 
oviducts, which receives the male organ during copulation and 
is termed the bursa copulatrix (bc). The genital orifice is situ- 
ated on the ventral surface of the ninth abdominal segment 
and is usually surrounded by a number of papille, or some- 
times by long processes, which serve as ovipositors and are 
to be regarded simply as processes of the segments from which 
they arise and not as modified limbs. 

The testes are also paired, each being composed of a 
number of separate spherical or tubular portions. The ducts 
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from these various portions on each side unite to form a vas 
deferens which may dilate into a vesicula seminalis and then, 
uniting with its fellow of the opposite side, forms the ductus 
ejaculatorius. Occasionally the vesicula is unpaired arising 
from the point of union of the two vasa deferentia, and very 
frequently accessory glands occur. The ductus ejaculatorius 
opens usually on the ventral surface of the tenth abdominal 
segment, and projections of the body-wall in the vicinity of 
the orifice form a groove or tube through which the sperma- 
tozoa, usually united into spermatophores, are introduced 
into the bursa copulatrix of the female. 

Parthenogenesis occurs as a normal process in certain 
Insects, though always associated with true sexual reproduc- 


Fig. 230.—Aphis mali, WINGED AND WINGLESS ForMs (from Packard). 


tion. Examples of it are found in certain Coccide (Aspidio- 
tus) and in some of the Gall-wasps (Cynipide), the fertilized 
ova producing both males and females, while in the Bees, for 
example, in which both fertilized and unfertilized ova are de- 
posited, the latter give rise to drones or males alone, while 
workers or queens, i.e. the females, develop from the fertilized 
ova. Occasionally heterogony occurs, as in the Plantlice 
(Aphide). These forms under favorable conditions of tem- 
perature and food produce viviparously usually wingless indi- 
viduals, not, however, from true ova, but by a process which 
may rather be compared to internal budding, as in the Redix 
of certain Trematoda. Generation after generation of such 
individuals may be produced during the summer, but on the 
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approach of cold weather or on the exhaustion of the food- 
supply males and females appear by which true fertilized ova 
are produced, and from these, surviving the winter, viviparous 
heterogonous females develop. 


In the genus Phylloxera, which has played such havoc on grape-vines 
in France, a greater complication of generations occurs. A winter egg, 
which has survived beneath the bark of the vine, gives rise to wingless 
forms which migrate to the roots, and there produce numerous genera- 
tions. After a time winged forms appear which ascend from the roots, 
and, reproducing parthenogenetically, increase rapidly in number and serve 
to distribute the species over wider areas. Certain of these produce small 
ova from which males develop, and others larger ones which give rise to 
females, both sexes being destitute of both wings and digestive tract, and 
by these forms the fertilized winter eggs are produced. 


In certain flies (Miastor, Cecidomyia) pedogenesis occurs, 
the female reproductive organs becoming mature while the 
insect is still in the larval stage, and the ova, developing par- 
thenogenetically within the body, give rise to another gen- 
eration of larve. This process may be repeated several 
times, the last generation of larve developing into the adult 
form (see Fig. 29). 

The more primitive Insects, the Thysanura and Collem- 
bola, leave the egg in a form resembling the adult, differing 
from it only in size and in the immaturity of the reproduc- 
tive organs, and pass through no marked metamorphosis 
during their post-embryonic development. Such forms are 
termed ametabolic. A similar absence of metamorphosis is 
found in certain forms degenerated by parasitism and lacking 
wings, but these have evidently descended from winged forms 
which passed through a certain amount of metamorphism, 
so that the ametabolism is secondary and should be distin- 
guished from the primitive ametabolism of the Thysanura. 
In the majority of winged forms, however, a more or less 
pronounced metamorphosis occurs. In the simpler cases the 
young are distinguishable from the adults by the absence or 
but slight development of the wings, which become larger 
after successive moults, the adult form being thus gradually 
acquired. In these cases of gradual metamorphosis the 
habits of the adult and larva are similar, but where they 
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differ greater changes result, leading to hemimetabolism. This 
occurs, for instance, in the Fish-flies (Ephemeride) and 
Dragon-flies (Libellula), in which the larve are adapted for an 
aquatic life and possess tracheal branchie (Ephemeride) and 
other features which are lost, either gradually by successive 
moults or suddenly at the last moult, the adult winged Dragon- 
fly, for instance, issuing from a peculiar aquatic larva with 
the merest rudiments of wings. 

Finally, a large number of forms are holometabolic. In 
such cases the habits of the larve are different from those of 
the adults; for instance, the larve of the Butterflies, the 
caterpillars (Fig. 231), are wormlike creatures with power- 


allel : 


Fig. 231.—Larva, Pura, anD ImaGo oF Pieris oleracea (from Rizy). 


ful jaws feeding on plant-tissues, while in the adults the mouth- 
parts are adapted for sucking. The transformation from the 
larva to the adult is accomplished by the intervention of a 
resting stage or pupa, during which no nutrition is taken, and 
when the transformation takes place the fully-developed 
insect or imago issues from the ruptured skin of the pupa. 
The pupa varies considerably in form in different groups, 
in some being enclosed in a silken case manufactured by 
the larva before the last moult and termed a cocoon. In 
some cases the adult appendages project from the body of 
the pupa (pupa libera), but in other cases they are united 
with the surface of the body and but indistinctly visible 
(pupa obtecta), an arrangement usually found in the Butter- 
flies, whose pupx, owing to their frequent brilliant colora- 
tion, are termed chrysalids. a term which has been somewhat 
incorrectly extended to the mummy-like pups of other forms. 
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Finally, in some of the two-winged flies the pupa is enclosed 
within the last larval skin, possessing then a cylindrical form 
without any indication of the adult limbs (pupa coarctata). 
A metamorphosis in which a distinct pupa-stage occurs is said 
to be “complete” in contradistinction to the hemimetabolic 
form frequently spoken of as “incomplete.” 


Mention should be made here of. the dimorphism or polymorphism which 
occurs in certain adult Insects. It has already received passing mention 
(p. 497), but in addition to the frequently-occurring sexual dimorphism 
there occurs in forms which live together in colonies a polymorphism asso- 
ciated with a division of labor on the parts of the members of the colony. 
Thus in the Bees there are found the drones or males with heavy bodies, 
the queen or female, as large as the drones but with a much more slender 
body, and the workers, which are sterile females distinguished by their 
smaller size and by other features, such as a peculiar modification of the 
tibias of the last pair of legs which adapt them for the collection of pollen 
from the flowers which they visit. Among the Ants a similar trimorphism 
occurs, males, females, and neuters or workers constituting the colony; and 
in some tropical forms the workers are of two kinds, namely, ordinary 
workers with small heads and mandibles, and soldiers with large heads and 
strong prominent mandibles, whose functions are indicated by the popular 
name applied to them, though guards would perhaps be more appropriate. 
Finally, among the Termites, popularly known as the White Ants, four 
forms, i.e., males, females, workers, and soldiers, also occur. 

In certain Butterflies a peculiar form of dimorphism or trimorphism 
termed ‘‘seasonal dimorphism” occurs, an excellent example of it being 
offered by the American Papilio Ajax, of which there have been described 
three distinct varieties, differing markedly in coloration both in the males 
and the females, and distinguished as the varieties Walshii, Telamonides 
and Marcellus. From chrysalids which have passed the winter there hatch 
out in the early days of spring forms belonging to the variety Walshti, and 
somewhat later, from those whose development has been retarded, the 
Telamonides forms. During the early part of summer the Walshti forms 
die out and a little later the Telamonides also disappear, both forms pre- 
viously, however, depositing ova, most of which develop into larve and 
chrysalids and hatch out in the later months of summer as the Marcellus 
form, whose ova, again developing into chrysalids, pass the winter in that 
state, and give rise in the following spring successively to the Walshii and 
Telamonides forms. The three varieties are evidently produced by influ- 
ences acting upon the chrysalis and differing according to the season, per- 
haps according to temperature, whence the distinguishing name applied to 
this form of dimorphism, which is also said to occur in certain Spiders. 
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1. SuspcLtass APTERYGOTA. 


The members of this subclass are all small and do not 
possess wings, the absence of these structures being a primi- 
tive feature and not due to degeneration resulting from para- 
sitism or other causes. In some forms rudiments of abdomi- 
nal limbs are present in the adults, and there is no meta- 
morphosis in the post-embryonic development (primary 
ametabolism). 


1. Order Thysanura. 


The Thysanura or Bristle-tails possess ten abdominal 
segments, the terminal one bearing two- or three-jointed hair- 
like processes, whence the name applied to the order. The 
body in some forms (Lepisma) is covered 
with scalelike hairs giving it a silvery-gray 
appearance, but in other cases these are 
wanting. The antenne vary in length, but 
are always simple cylindrical structures, 
the terminal joint in some forms (Campodea) 
bearing a peculiar bilobed structure sup- 
posed to be sensory, and the mouth-parts 
are adapted for biting purposes and are 
usually well developed. The first abdom- 
inal segment in some forms bears a pair of 
indistinctly-jointed appendages, probably 
rudimentary limbs, and a number of the 
succeeding segments in Campodea bear spur- 
like processes, also supposed to be limbs 
and recalling the spurs of Scolopendrella, 
especially as protrusible glandular struc- 
tures, comparable perhaps to crural glands, 
occur in association with them in some 
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Fria. 232.—Campodea 
staphylinus (after 
Lussock from Hux- forms. 


LEY) The nervous system shows but little 
concentration, eight abdominal ganglia occurring in Lepisma, 
and eyes are usually present, being in some cases compound. 
The stigmata vary in number, being usually ten, though in 
Campodea they are reduced to three, and the trachee in this. 
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same form are interesting in being destitute of longitudinal 
and transverse anastomoses. 

Lepisma is frequently found in houses, in attics and similar 
places, feeding upon woollen, linen, and other fabrics, but also 
on meal or sugar. Campodea (Fig. 232), on the other hand, is 
to be found under stones or dried leaves ‘and is a small white 
form, by no means uncommon. 


2. Order Coliembola. 


The Collembola are distinguished from the Thysanura by 
the abdomen consisting usually of but six segments, and in 
some cases the number is even smaller. The body in Podura 
is covered with scales, and the terminal segment of the body 
is usually provided with two processes which may be bent up 
underneath the abdomen and then suddenly extended, pro- 
pelling the insect to a considerable distance. These structures 
are absent in the adult Anuwrida, but occur in young speci- 
mens, and their occurrence and function have suggested the 
popular name of Spring-tails applied to the order. Neither 
abdominal appendages nor coxal glands occur, but the first 
segment bears a peculiar organ, having in Anurida the form 
of a saccular protrusion, which is probably adhesive in func- 
tion. The antenne are usually short, and bear in some forms 
an antennal sense-organ similar to that of Campodea; the 
mouth-parts are biting, but frequently much reduced in size. 

The nervous system is usually much concentrated, there 
being in Anurida but three postoral ganglia situated in the 
thorax, the abdominal ganglia having evidently fused with 
the last thoracic. Simple eyes are presentin varying numbers, 
but compound eyes never occur. A peculiar organ lying be- 
hind the bases of the antenne, and hence termed the post- 
antennal organ, occurs, and has been supposed to be a sense- 
organ, but further information is required concerning it. 
Trachez are usually present, though quite wanting in Anurida. 

The genus Podura is to be found, sometimes in consider- 
able numbers on the surface of standing water in the early 
spring, while other forms occur in damp earth or under bark. 
Anurida is found upon the seashore underneath stones just 
above tide-mark. 
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II. SuspcLass PTERYGOTA. 


The members of the subclass Pterygota are, as the name 
indicates, typically provided with wings, though in a compar- 
atively few cases these structures may have disappeared 
through degeneration due to parasitic habits, or through special 
adaptation to certain conditions of life, as in the neuters of 
the Ants and Termites. In nearly all cases the larve differ 
in form from the adults, and various grades of metamorphosis 
are found. 


1. Order Dermaptera, 


The Dermaptera or Earwigs (Fig. 233) are usually small 
insects which resemble not a little the Thysanura. The 
abdomen terminates in a pair of forceplike 
processes termed cerci, their shape suggesting 
the generic name Forjicula, applied to certain 
members of the order. The anterior wings are 
small and chitinous and serve as covers for 
the protection of the posterior pair, which are 
larger, membranous and veined, and when at 
rest are folded longitudinally like a fan, and in 
Fig. 283.—Labia addition twice transversely, so that they are 
_mimenaker Y= almost completely hidden by the scalelike an- 

terior pair. The antenne are long and filiform, 
and the mouth-parts adapted for biting. The Earwigs are 
terrestrial forms and pass through a gradual metamorphosis. 
In many respects they approach nearer the Thysanura than 
any other insects, and are related rather closely to the suc- 
ceeding order. 


2. Order Orthoptera. 


In this order, which includes the Locusts, Grasshoppers, 
(Caloptenus), Crickets (Gryllus), Cockroaches (Periplaneta), 
and other forms, the mouth-parts are adapted for biting and 
the last segment of the abdomen bears two-jointed cerci. The 
anterior wings form, as in the Dermaptera, covers for the 
posterior pair and are chitinous plates; the posterior ones are, 
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on the other hand, membranous and the veins are for the 
most part arranged longitudinally, so that when at rest the 
wings are folded like a fan, though in some forms, such as 
the Crickets, in which the anterior wings are short, a trans- 
verse fold also occurs. In the female Cockroaches the ante- 
rior wings are very small, and the posterior ones wanting, and 
in the Walking Stick (Diapheromera)—so named from its resem- 
blance to a green or dead twig—both pairs are entirely want- 
ing. 

The antenne are usually long and filiform, and the legs 
strong and adapted to a terrestrial life, some forms, such as 
the Cockroach, being exceedingly active. In the Grasshop- 
pers, Locusts, and Crickets the femora of the last pair of legs 
are greatly enlarged and very muscular, serving for jumping, 
while in the Mole-cricket (Gryllotalpa), which burrows in the 
ground, the anterior pair is greatly enlarged and adapted for 
digging. 

As in the EHarwigs, the metamorphosis is gradual. 


3. Order Ephemeride. 


The Ephemeride, or May-flies (Fig. 234), are characterized 
by the remarkable brevity of their existence in the imago- 
stage, some forms existing but for a few 
hours, while others live for several days, 
the existence being merely long enough 
to ensure the accomplishment of the re- 
productive acts. The body is elongated 
and terminates in two or three elongated 
hairlike cerci, and on the thorax there are 
borne usually two pairs of wings, of which 
the anterior pair is considerably larger Fy¢, 234.—Potamanthus 
than the posterior. The antenne are marginatus (from Pacs- 
short, and the mouth-parts adapted for *"” 
biting, though usually much reduced, since the imago takes 
no nutrition during its short existence. The first pair of legs 
is usually slender and directed forwards, being of little use in 
locomotion. An interesting structural peculiarity is the oc- 
currence of paired reproductive ducts which open by separate 
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pores instead of uniting as they do in the majority of In- 
sects. 

The larve are aquatic and provided with tracheal bran- 
chix (see Fig. 226), recalling, except for these structures, the 
Thysanura. By a series of moults the adult stage is gradu- 
ally acquired, the wings appearing in what is termed the sub- 
imago stage, a final moult being necessary before maturity is 
reached. The metamorphosis is thus incomplete. 

The genus Ephemera is of frequent occurrence in the 
neighborhood of lakes and ponds, sometimes occurring in 
enormous numbers. 


4, Order Odonata. 


The members of this order, the Dragon-flies, are elongated 
forms with two pairs of nearly equal, abundantly-veined wings 
of usually large size, all the forms being excellent fliers and 
seeking their prey in the air. The head is united to the 
thorax by a narrow stalk which permits extensive rotation of 
the head, and the abdomen, terminating in two unsegmented 
platelike cerci, is long, and in the large Dragon-flies, Aschna 
and Diplax (Fig. 235), and in the brightly-colored Agrion very 
slender, though somewhat stouter in the genus Libellula. The 
antenne are very small and the mouth-parts adapted for biting, 
while the legs are slender, the anterior pair being directed 
somewhat forwards so as to serve for grasping the prey. 
The lateral compound eyes are very large, meeting on the 
dorsum of the head, and 
in front of them are situ- 
ated a pair of small ocelli. 

The larvee are aquatic 
and are characterized by 
the remarkable develop- 
ment of the labium, which 
is very much enlarged, 
i terminating in two power- 

Fig. 285.—Diplaz elisa (from Packarv). fy] jaws and provided with 
a hinge, so that it can be flexed so as to lie beneath the head 
or suddenly thrust out to capture the unwary prey. This 
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apparatus is termed the “mask.” Respiration is carried on 
by tracheal gills, consisting in Agrion of three leaflike pro- 
cesses situated at the posterior end of the body, and also by 
the terminal portion of the intestine, into which water is 
taken and which is abundantly supplied with trachee. The 
water can be forcibly expelled from the intestine, serving to 
propel the insect through the water if it so desires. The 
metamorphosis is incomplete. 


5. Order Plecoptera. 


The Plecoptera, or Stone-flies (Fig. 236), are found in the 
vicinity of water and have a somewhat elongated body, fre- 
quently terminating in two long 
cerci (Perla). The antenne are long ¢ 
and filiform and the mouth-parts 
adapted for biting, while the legs 
are strong aud used for walking. 
Two pairs of wings occur almost 
equal in size, but lacking the com- 
plicated venation found in the Odo- 
nata, and when at rest lie flat upon 14. 286.—Stonz-riy, Perla. 
the abdomen, completely concealing it. The larve are 
aquatic, and are usually to be found in considerable numbers 
under stones in swiftly-running streams. They recall the 
Thysanura in their appearance, and possess tracheal branchixe 
on the under surface of the thorax, which in some forms are 
retained in the adult. The metamorphosis is gradual or in- 
complete according as these structures are or are not retained 
in the imago. 


6. Order Corrodentia. 


The members of this group possess biting mouth-parts 
and are sometimes destitute of wings. The Termites, or 
White Ants, live in colonies aud show a polymorphism. The 
males and females, termed kings and queens (Fig. 237, 4, B), 
are at first provided with large wings resembling those of the 
Plecoptera, but after the marriage flight settle to the ground 
and become wingless. The workers select from the many pairs 
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one for each nest, the remaining unselected ones soon dying. 
The neuters are of two sorts: the workers (Fig. 237, C), pale in 
color and with comparatively small heads and mandibles, and 
the soldiers (Fig. 237, D),in which the head is very large and 
dark colored and carries a pair of large mandibles. Both 
these forms are destitute of eyes, and are to be regarded as in- 
dividuals which have not passed beyond the larval stage, being 
potentially either males or females with the reproductive 
organs, however, undeveloped. The young larve resemble 
Thysanura in their general form and are cared for and fed by 


Fie. 237.— Termes tuctfugus (from Levunis). 
A, winged male; B, female after loss of wings; C, worker; D, soldier. 


the workers. Those forms which are destined to become 
kings and queens are nursed for a longer time than the others, 
and progress further in their development, being really the 
only members of the colony which reach the imago state. 
The Termites shun the light, and the American species are 
chiefly found in rotten wood, upon which they feed, excavating 
burrows within it. In some cases they prove very destructive 
to the woodwork in houses, eating away the interior of the 
wood and leaving eventually only a thin shell in place of the 
originally solid beam. The African species builds large clay 
mounds from three to four metres in height, tunnelled by a 
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somewhat complicated system of chambers, galleries, and 
storehouses. 

To this group belong also the Psocide and the Mallophaga. 
The former are small forms found upon the leaves of various 
trees and occasionally in houses. They do not show poly- 
morphism and are usually provided with wings, though the 
genus Atropos, not uncommon in books which have remained 
long undisturbed, lacks them. The Mallophaga are all 
destitute of wings and are parasitic, living upon the bodies of 
birds (Liotheum), whence they are usually termed the Bird-lice. 
They feed upon the feathers and are comparatively active in 
their movements. A few forms occur on mammals, e.g. 
Trichodectes on the dog. 

The larvee of all these forms resemble the adults except in 
size and in the absence of wings, and the metamorphosis is 
gradual. Since the Mallophaga are destitute of wings in the 
adult condition they may properly be said to be secondarily 
ametabolic. 


7. Order Thysanoptera, 


The Thysanoptera are small Insects which live upon the 
leaves of various plants, which they pierce for the purpose of 
obtaining nutrition, and sometimes are very injurious to 
wheat, clover, and other cultivated plants. The wings are 
narrow, but imperfectly veined, and with the edges fringed 
with numerous slender hairs ; they are, however, occasionally 
wanting. The antenne are short and filiform and the mouth- 
parts intermediate between the biting and the sucking type. 
The mandibles are reduced to styletlike piercing-organs and 
are enclosed within a tubular proboscis formed by the fusion 
of the labrum with the maxille and labium, both of these last 
appendages retaining their palps and showing usually their 
typical parts. The legs are adapted for rapid locomotion and 
are peculiar in that the terminal joint of the tarsus, instead of 
bearing ungues, is provided with a protrusible sac which 
serves for adhesion ; on account of this peculiarity the order 
is sometimes known as the Physapoda. 

The larve except for the absence of wings are closely 
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similar to the adults and the metamorphosis is gradual, 
though the tendency towards the development of a distinct 
pupal stage is shown by the fact that the last larval stage 
takes no nourishment. The genus Phleothrips is character- 
ized by the last abdominal segment being tubular in form, 
while Thrips possesses in the female forms an ovipositor com- 
posed of four valvelike pieces. 


8. Order Rhynchota. 


The members of this order are divisible into two groups, 
the Heteroptera and Homoptera, according to the character of 
the anterior wings. In the Heteroptera, which includes the 
majority of forms popularly known as Bugs, the basal partions 
of the anterior wings are chitinous, while the tips are mem- 
branous, the posterior wings being entirely membranous. A 
typical member of this group is the common Squash-bug 
(Anasa, Fig. 238, A), and other examples are the Water-boat- 
man (Notonecta), the large Water-scorpion (Belostoma), and the 
slender Water-scorpion (fanatra), all of which are of frequent 
occurrence in ponds, swimming powerfully beneath the water 
by means of the flattened posterior legs which serve as oars, 
the anterior pair being directed forwards and serving for 
grasping the prey. The Water-measurer or Water-spider 
(Hydrometra) is also very common in ponds, darting about 
upon the surface in search of prey, a habit which also char- 
acterizes the genus Halobates, which lives upon the surface of 
the ocean and is found many miles from land. Some mem- 
bers of the group are entirely destitute of wings, as for ex- 
ample the Bedbug (Cimex) and the Louse (Pediculus). 

In the Homoptera the wings are both membranous, the 
anterior pair being larger than the posterior, and, as in the 
other group, are sometimes wanting. The Cicada is a member 
of this group, as are also the Aphid, or Plant-lice (Fig. 230), 
so frequent in green-houses and upon various uncultivated 
plants whose juices they suck, a habit also shared by the 
nearly-allied Coccidie, including the scale-insects (Aspidiotus) 
and the Mealy-bugs (Dactylopius), both of frequent occurrence 
on cultivated plants, the former sometimes doing no little 
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damage to apple-trees. The remarkable heterogony of these 
forms has already been described (p. 498). 

In both the suborders the mouth-parts are adapted for 
piercing and sucking. The « 
labium (Fig. 238, B, lb) is 
prolonged into a_ slender, 
usually four-jointed process, 
grooved upon its upper sur- 
face, the groove being con- 
vertible into a tube by the 
closure over it of the long 


slender mandibles (m) and 
( ) Fig. 238.—A, Anasa tristis; B, MouTu- 


maxille (ma) which form long PARTS OF NVepa cinerea (after Savieny 
slender needlelike piercers. trom Owen). 


The antenne are usually % = labium. m = mandibles. 
short and filiform, though be enue ig = ana 
in some of the Heteroptera they may be almost as long as 
the body. 

Many of the Rhynchota are provided with glands which 
secrete an offensive fluid, e.g. in Cimex and Anasa, and in the 
Coccide wax-glands are also abundantly present, producing 
a secretion which may cover the body with waxen scales, or 
in some cases form a wool-like mass covering the greater 
part of the abdomen (Pemphigus). The Aphide also possess 
as a rule upon the antepenultimate abdominal segment a pair 
of tubular elevations or papille from which a sweet secretion 
issues, the so-called ‘“ Honey-dew,” which covers the leaves 
and stems of the plants upon which the Insects live, and is 
eagerly sought for by various Insects, more especially by 
Ants. 

The larvee of the Rhynchota as a rule resemble the adults 
even to the structure of the mouth-parts, and the metamor- 
phosis is consequently gradual. The Cicada forms, however, 
an exception to this rule, the larva occurring beneath the 
surface of the ground and living upon the roots of trees. 
It becomes transformed into a pupa, which, however, con- 
tinues to lead an active existence, becoming quiescent only a 
short time before the moult which results in the formation of 
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the imago, very different in appearance from the pupa. The 
metamorphosis here approaches the complete type. 


9. Order Coleoptera. 


The order Coleoptera includes the Beetles and is richer 
in species than any other order of animals. The members of 
the group are characterized by the anterior wings being con- 
verted into hard chitinous plates, the elytra, which cover in 
and protect the posterior membranous wings and the abdo- 
den, being short only in a few forms, such as the Burying- 
beetles (Necrophorus), in which the tip of the abdomen remains 
exposed, and the Staphylinidx, or Rove-beetles, and Meloé, in 
which they cover only the more anterior portions of the ab- 
domen, the posterior wings in the last-named form being 
wanting, as they may also be in some of the Weevils. Occa- 
sionally, as in the Fireflies (Lampyris), the elytra are but 
slightly thickened, and in some forms they may be completely 
fused together. 

The antenne vary greatly in shape, being usually filiform 
and sometimes very long, as in the Boring-beetles (J/onoham- 


Fig, 239.—Cotalpa lanigera AND ITS LARVA (a) (from Pacwarp). 


mus, Clytus, Saperda, etc.), though occasionally, as in the 
Lamellicorn beetles (Melolontha—the June Bugs and Cotalpa, 
Fig. 239), the terminal joints are flattened and folded together 
like the leaves of a book. The mouth-parts (Fig. 225) are in 
all cases adapted for biting, and the legs for locomotion. In 
the Lady-bugs (Coccinella) the tarsus consists of but four 
joints, one of which is rudimentary, while in the Weevils 
(Curculionide), in which the anterior part of the head is pro- 
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longed into a cylindrical snoutlike process at the extremity 
of which is the mouth, in the Boring-beetles, and in the Po- 
tato-beetle (Doryphora) it is formed of five joints, one of which 
is exceedingly small. In other forms, such as J/eloé and the 
Blister-beetles (Zytta), the tarsi of the two anterior pairs of 
legs are five-jointed and those of the last pair four-jointed, 
and in others again, such as the Fireflies, the Click-beetles, 
(Elateride), the Lamellicornes, the Burying-beetles and 
Staphylinide, the Water-beetles (Gyrinus, Hydrophilus, etc.), 
the Carabide (Calosoma, Carabus, Harpalus, Brachinus, etc.), 
and the Tiger-beetles (Cicindela), all the tarsi are five-jointed, 
and all the joints approximately equally developed. 

The larve vary greatly in form in the different genera. 
In the Lady-bugs and some other forms they are Thysanuri- 
form, the three anterior trunk-segments (corresponding to the 
thoracic segments of the imago) possessing each a pair of limbs, 
while the abdomen terminates in a pair of cerci. In some 
Water-beetles (Gyrinus) tracheal gills are present, and the 
larvee of the Lamellicorns (Fig. 239, a) are soft-bodied eyeless 
white forms, characterized by a saclike dilatation of the last 
abdominal segment, and live beneath the surface of the 
ground feeding upon the roots of grasses. In the Click-bee- 
tles (Elateridz) the body of the larva is elongated and slen- 
der and very hard, these forms being known as the wire- 
worms and feeding, like the Lamellicorn larve, upon the roots 
of plants. In the Boring-beetles, the larve, which excavate 
burrows beneath the bark or in the wood of various trees, 
have the limbs almost or quite rudimentary, while maggot- 
like larve are characteristic of the Weevils. 

The larva, whose life may be prolonged through several 
years, passes finally into a resting pupa stage of the lbera 
form, resembling in the body form and the mouth-parts the 
imago which sooner or later issues from it. The metamor- 
phosis is thus complete. 


In the peculiar Meloid form Sitaris an interesting phenomenon known 
as hypermetamorphosis occurs. The first larva is Thysanuriform, and is 
parasitic upon the males of certain bees, passing to the female bee during 
copulation, and then, during the deposition of the ova in the cells filled 
with honey, the parasite slips upon the egg, which it consumes. It then 
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transforms into a maggotlike second larva which lives upon the honey on 
the surface of which it floats, and after a time passes into a resting pseudo- 
chrysalis stage, from which a larva similar to the second one emerges, and 
this finally transforms into a pupa which gives rise to the adult. 


10. Order Neuroptera. 


The Neuroptera are characterized by the abundant and 
rich venation of their wings, in which numerous cross-veins 
extend between the longitudinal ones. The mouth-parts are 
adapted for biting, the mandibles being in some forms (Cory- 
dalis) very large. The lace-winged flies (Chrysopa) also be- 
long to this group, as does also the Ant-lion (Myrmeleon, Fig. 
240), whose larva excavates a funnel in loose sand, and 
buries itself at the bottom with only the head and powerful 


Fie. 240.—Myrmeleon obsoletus (from Packarp). 


mandibles projecting, ready to snap up any insect which slips 
down the yielding sides of the trap. The larve are usually 
Thysanuriform, those of Chrysopa attacking Aphides, whence 
they are frequently termed Aphis-lions, while those of Cory- 
dalis are aquatic and possess tracheal branchie upon the 
abdomen. This larva is familiar to anglers as the Hell- 
gramite. The metamorphosis is complete. 


11. Order Panorpata. 


This order contains a small number of forms, the majority 
of which possess membranous wings resembling those of the 
Neuroptera, except that the cross-veins are not so numerous. 
The anterior part of the head is produced into a downwardly 
projecting snout, at the extremity of which are the small 
biting mouth-parts, the arrangement recalling that found in 
the Curculionide among the Coleoptera. In the genus Pa- 
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norpa, the Scorpion-fly, the abdomen terminates in a pair of 
forceplike processes similar to those of the Dermaptera. 

The metamorphosis is complete, the larve differing from 
those of the orders already described in possessing in addi- 
tion to the three pairs of thoracic legs eight pairs of abdom- 
inal proplike appendages. 


12. Order Trichoptera. 


The Trichoptera, also a small order, includes the Caddis- 
flies (Phryganea, Anabolia). They possess two pairs of wings, 
the anterior pair usually differing slightly in appearance 
from the posterior, which are larger and folded when at rest 
in a fanlike manner, the venation consisting principally of 
longitudinal veins, with but few transverse ones. The body 
and the wings are generally abundantly covered with hairs, 
which in some forms are scalelike. The antenne are 
usually long and filiform, and the mandibles rudimentary, the 
maxille and labium forming a short sucking proboscis. 

The metamorphosis is complete, the larve being aquatic 
and provided with spinning-glands with which they bind to- 
gether small twigs and particles of sand to form cases within 
which they live. They possess tracheal branchiz upon the 
sides of the abdominal segments, and the last segment bears 
a pair of short but stout processes which are provided with 
hooks. The pupa is formed within the larval case, but before 
transforming into the imago it leaves the case and crawls to 
land, where the imago emerges. 


13. Order Lepidoptera. 


This is a large order, including the Butterflies and Moths, 
all of which, with the exception of the females of a few forms 
(Orgyia), possess two pairs of wings covered with overlapping 
sealelike hairs, and with but few transverse veins. When at 
rest the wings are rarely folded, but are either held erect, as 
in the Butterflies, or lie one over the other, resting upon the 
abdomen. The body, like the wings, is covered with hairs or 
scales. 

The antenne differ considerably in shape in different 
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forms, being in the Butterflies usually club-shaped, while in 
male moths they are frequently featherlike, though more sim- 


ple or filiform in the females. 


The mouth-parts are adapted 


for sucking, forming in most cases a long tube, which, when 


not in use, is coiled into a helix. 


In the smaller members of 


the group (Microlepidoptera), which are in many respects the 


Fig. 241.—Hrap or Morn 
Sphing ligustri, SHOWING 
MovUTH-PARTS (after New- 
PORT). 

@ = antenne. 
¢ = labrum. 

tp = labial palp; that of 

left side removed. 


most primitive and include such 
forms as the Clothes-moth (Tinea), 
the moth of the Apple-maggot (Car- 
pocapsa), the leaf-rollers (Pyralide), 
etc., the sucking arrangement is by 
no means perfect, the mandibles being 
present, and the maxille and labium 
resembling in structure the corre- 
sponding parts in biting insects, ex- 
cept that the two inner terminal 
plates of the labium are united to 
form a short tube. In the higher 
forms (Macrolepidoptera), however, 
the mandibles (Fig. 241, mn) are quite 
rudimentary and the labium is much 


m = maxille. 
mn = mandible. 
o = eye. 


reduced in size, though its palps (Ip) 
are frequently large and well de- 
veloped. The sucking-tube is com- 
posed of the two maxillee (m) which are produced into two 
long filaments grooved on their mesal surfaces, and by their 
apposition the tube is formed. 

The metamorphosis is in all cases complete, the larve 
being wormlike structures known as caterpillars. Their 
mouth-parts are adapted for biting, and they live for the 
most part upon the leaves of various plants, frequently ac- 
complishing much destruction. This is especially the case 
with the Tent-caterpillar (Clistocampa), which lives in colonies 
enclosed within a web which is extended from twig to twig as 
the leaves are gradually eaten; various kinds of trees suffer. 
ing from its ravages. The shade-trees in cities, especially 
the Horse-chestnut, are sometimes greatly injured by the 
caterpillar of the Tussock-moth (Orgyia), and the larvee of the 
common white Cabbage-butterfly (Pieris) feed upon the leaves 
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of the Cabbage; many other similar examples might be 
given. A few of the Microlepidoptera possess aquatic larve, 
but they form exceptions. In the typical caterpillar there 
are, in addition to the three pairs of thoracic legs, five pairs of 
short stout prop-legs situated upon the third, fourth, fifth, 
sixth, and tenth abdominal segments, and the body may be 
covered with hairs of various lengths, as in the larve of many 
moths (e.g. the Woolly Bear, Spilosoma), or may possess 
spiny processes, as in the larve of the Mourning-cloak Butter- 
fly (Vanessa) which feeds on the Willow, or variously- 
shaped tubercles, as in the American silkworm (Yelea) and 
the Cecropia larva. In one group of moths, the Geometride, 
but two or three pairs of prop-legs occur, situated on the 
more posterior segments, and in progression these forms 
draw these legs up close to the thoracic limbs, throwing the 
intervening portion of the body into a loop, whence the terms 
“ measuring-worms” or “loopers” often applied to them. 
In rare cases, as in a few Microlepidoptera, the larva is 
without feet and maggotlike. 

The pupa or chrysalis is of the obtecta variety, and is fre- 
quently enclosed within a silken case termed the cocoon, 
spun by the larva whose salivary glands are converted into 
spinning-glands. A cocoon is more generally present in the 
Moths than in the Butterflies, whose chrysalids are suspended 
by a patch of silk to which the hind end of the pupa is at- 
tached or may be in addition slung in a silken loop passing 
round the body near the middle (Fig. 231). 


14, Order Hymenoptera. 


The Hymenoptera possess four membranous wings, with 
comparatively few veins and not covered with scales or hairs 
but transparent, the anterior pair being usually larger than 
the posterior. The abdomen is sometimes broadly attached 
to the thorax, as in the Saw-flies (Tenthredinidex), but more 
usually the anterior one (Bees) or two (Ants) abdominal seg- 
ments are very narrow, so that the abdomen seems to be at- 
tached by a stalk. The females possess ovipositors which 
may be retractile and provided with a poison-gland, forming 


518 INVERTEBRATE MORPHOLOG Y. 


efficient organs of offence and defence, as in the Ants, Bees, 
and Wasps, or else long and slender and but partially retrac- 
tile and destitute of a poison-gland, as in the Saw-flies, Gall- 
flies, and Ichneumonide. 

The mouth-parts are adapted partly for biting and partly 
for licking. The mandibles (Fig. 242, 
mn) are well developed and fitted for 
biting in all forms, and in the Ten- 
thredinide the maxille are also like 
those of biting insects, while the 
inner of the two terminal plates of 
the labium are united to form a tube, 
the outer plates remaining separate. 
In the Bees and Wasps the maxille 
(ma) become elongated and are no 
longer adapted for biting, and the 
inner terminal plates of the labium 
are fused together to form a long 


Fig. 242.—Mouts-Parts OF 


BEE, Anthophora (after 
Newport from GEGENBAUR). 
¢ = glossa. 


lp = labial palp. 
mn = mandible. 
mz = maxilla. 
map = maxillary palp. 
pg = paraglossa. 


tonguelike structure, the glossa (i), 
the outer plates forming what are 
termed the paraglosse (pg) The 
entire apparatus is adapted for biting 
and also for licking up the honey’ 
contained in the nectaries of flowers. 

The great majority of forms are 


solitary, but a few Bees (apis, Bom- 
bus) and Wasps (Vespa, Sphex) and the Ants (Formica, 
Camponotus) form social aggregations with more or less 
pronounced polymorphism, to which reference has already 
been made. The Gall-flies (Cynips) lay their eggs upon the 
leaves or stems of plants, at the same time injecting a poison 
which causes a proliferation of the plant-tissues, forming a 
gall in the interior of which is the larva of the insect; while 
many forms, such as the Ichneumon-flies, Proctotrupes, Ptero- 
malus, Microgaster, etc., are parasitic in their larval stage, the 
eges being deposited in or upon the bodies of the larve of 
other insects, a very decided check being exerted upon the 
larve of injurious insects, such as the Cabbage-butterfly, by 
these forms. 
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The larve of the Tenthredinide, for example that of the 
Pear-slug (Selandria), which feeds upon the leaves of the pear- 
tree, resemble the caterpillars in possessing prop-legs, of 
which there are as many as eight pairs. In the majority of 


“Fie 244.—Hypoderma bovis (from PackaRp). 
with an abundant supply of nutrition stored up by the parents 
(Bees, Wasps) or to being fed and cared for by the workers 
among the Ants, the larve are maggotlike and almost or 
entirely destitute of legs. The metamorphosis is complete, 
the pupa being a pupa libera. 


15. Order Diptera. 


In this order, as the name indicates, but two wings are 
present (Fig. 244), which are those of the mesothorax, the 
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metathoracic pair being usually represented by a pair of club- 
shaped bodies on the sides of the segment, termed halteres or 


Fig. 245.—Movutn-Parts 
OF A GNAT, Culex, THE 
LaBRUM TURNED TO 
ONE SIDE (from HeErtT- 
wI@). 

hy = hypopharynx, a 

process of labium. 
la = labium. 
ir = Jabrum. 
md = mandible. 
maz = maxille. 
p = maxillary palp. 


balancers. The wings are always trans- 
parent and the veins by no means 
abundant. In a few forms, such as the 
Sheep-tick (Mdophagus) and the Fleas 
(Pulex), the wings are entirely wanting 
in harmony with the parasitic habits 
which these forms possess, but they 
form exceptions to the general rule. 

The mouth-parts are adapted for 
sucking and also for piercing; the 
labrum (Fig. 245, lr) and labium (la) 
are prolonged into grooved processes, 
forming together a tube within which 
lie, in the female Mosquitoes (Culex) 
and Gadflies (Zabanus), two pairs of 
elongated needlelike rods which repre- 
sent the mandibles (md) and maxille 
(mx), to which a fifth unpaired stylet 
may be added which arises as a growth 
from the lower wall of the pharynx 
(hy). In other forms the maxille only 
have the acicular form, the mandibles 
fusing with the labrum, and in all cases 
the maxillary palps are present, while 
the labial palps are undeveloped. In 
the ordinary House-fly (Musca) the ex- 
tremity of the sucking-tube is expanded 
into a disklike structure, and in all 
forms the salivary glands open near the 
extremity of the tube. 


The larve are usually maggotlike (Fig. 244), entirely 
destitute of feet, and in some forms the head even is indis- 
tinguishable. The metamorphosis is complete, the pupa being 
in the Mosquitoes active, swimming about in water, though 
more usually it is incapable of motion, and enclosed within 
the last larval skin, thus belonging to the coarctata variety. 
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Development and Affinities of the Insecta.—The early stages of Insect 
development cannot be discussed here, belonging more properly to text- 
books of Embryology, but mention should be made of the remarkable phe- 
nomenon which occurs during the transformation from the pupal to the 
imaginal conditions in those forms whose metamorphosis is complete. In 
describing the development of the Acarina it was pointed out that during 
the transition from one stage to the next a histolysis and subsequent regen- 
eration of certain parts of the body occurred. In the holometabolic Insects 
the same process occurs during the pupa stage, the larval hypodermis, 
the majority of the muscles, and the entire digestive tract and its appen- 
dages undergoing degeneration, and being absorbed and digested by the 
blood-corpuscles, the parts being formed anew from patches of cells present 
in the larva and known as imaginal disks. The histolysis and regenera- 
tion proceed pari passu, so that the identity of the various organs is pre- 
served throughout the process. The imaginal discs are to be regarded as 
portions of the original anlagen of the various organs which have re- 
mained during larval life in an embryonic condition, springing into activity 
and completing their development during the pupal stage. 

As regards the affinities of the various orders of the Pterygota, it may 
be pointed out that the frequent occurrence of Thysanuriform larvee indi- 
cates a descent from Apterygote ancestors, and those orders which present 
larvee of a wormlike or maggotlike form are in all probability the most 
highly specialized. It is in these cases that the complete metamorphosis 
occurs, and it is self-evident that the gradual and incomplete metamor- 
phoses are more primitive than the complete. Indeed all metamorphosis 
depends upon the differences in habit and structure of the larva and imago, 
and becomes more and more complete according as the larve and imagines 
depart more and more widely from the Thysanuriform type of structure. 
Consequently it may be concluded that those forms are the most primitive 
which retain most perfectly both in the larva and imago the Thysanurid 
characters. These are found most perfectly in the Dermaptera, to which 
both in the adult and larval stages the Corrodentia (so far as they have 
not become modified by parasitism) and the Orthoptera seem closely re- 
lated, and it is interesting to note in this connection that the earliest In- 
sects known from the Paleeozoic rocks seem to have been closely related to 
the recent group of the Orthoptera. 

Another order which has retained Thysanuran characters in the larva, 
though the imagines are more highly specialized than are those of the 
Dermaptera, is that of the Thysanoptera, whose habits and mouth-parts 
indicate affinities with the Rhynchota, these two orders together forming 
a second group traceable back to.the primitive Pterygota. 

A third group starts with the Ephemeride, which lead up to the Odo- 
nata, the larve of the latter having, however, become greatly specialized, 
the resemblances being most marked in the adults, and are indicated by 
the character of the wings and by the mouth-parts. More distantly re- 
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lated are the Neuroptera with Thysanuriform larvze, probably to be re- 
garded as a group which has undergone a development parallel to that of 
the Ephemeride and Odonata, the relationship being traceable back to an 
ancestor common to it and the Ephemeridz. To this group may also be 
referred the Plecoptera. 

A fourth group includes those forms in which the larve are provided 
with prop-legs, secondary forms in which all indications of the Thysanurid 
ancestors have disappeared. Of such forms the Panorpata show relation- 
ships on the one hand with the Ephemerid group, and somewhat closely 
related are the Trichoptera, whose entire organization points to a close 
affinity with the Microlepidoptera. From the primitive Microlepidoptera 
two lines of descent are probably to be traced, one leading to the Macro- 
lepidoptera and the other to the primitive Hymenoptera, the resemblance 
between the larve and the mouth-parts of the Tenthredinide, and those 
of the Microlepidoptera being very striking. 

- The two remaining orders, the Coleoptera and Diptera, are very highly 
specialized, both being holometabolic, and the temptation is to look for 
their ancestors in forms with a similar metamorphosis. This temptation 
may be justified in the case of the Diptera, whose larve are the most 
modified of all, and it is not impossible that they have descended from 
primitive Hymenopteran ancestors, their nearest existing relatives being 
the Tenthredinide, whose sluglike larve, suggest not a little the least 
modified Dipteran maggots. With the Coleoptera, however, the case is 
different, and it seems more probable that their holometabolism has been 
acquired quite independently of that of the other holometabolic orders. 
The larvee of some beetles, notably those of the Coccinellide, are markedly 
Thysanuriform, and prop-legs do not occur in the order. To which of the 
groups they are to be referred it is very difficult to say, though the mouth 
parts and the arrangement and structure of the wings in the adults point 
to an affinity with the Orthoptera. 

Granting a descent of the Pterygota from wingless ancestors, it becomes 
an interesting problem to discover the origin of the wings. Attempts have 
been made to show that they are modified tracheal branchia, a theory 
which necessitates the derivation of the Pterygota from aquatic ancestors. 
Such a derivation, however, is unsupported by any evidence at present at 
our disposal, it being much more probable that the immediate ancestors of 
the Pterygota were terrestrial, just as Campodea is to-day. The wings 
arise in the embryo as dorsal outpouchings of the meso- and metathorax, 
trachew later pushing out into them, and transient indications of out- 
pouchings of the prothorax also occur in some embryos. It has been sug- 
gested that primarily the wings were platelike outgrowths of the thoracic 
segments which served to break the fall and increased the distance tray- 
ersed by jumping Insects, and in support of this view the fact may be 
mentioned that many Apterygota are saltatorial. The limitation of the 
wings to the meso- and metathorax may stand in some relation to the 
centre of gravity of the body. 
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The Phylogeny of the Tracheata—lIt has been the custom to unite 
together the Crustacea, Arachnida, and Tracheata in a single group, the 
Arthropoda, characterized by the possession of a chitinous cuticle, by the 
occurrence of jointed limbs, and by the masticatory organs being modified 
limbs ; and furthermore it has been customary to consider the Arachnida 
and the Tracheata as closely related on account of the occurrence in both 
groups of trachee. The early processes of development in the three 
groups also show many points of similarity, though a closer examination 
shows decided differences in the details. How far convergent evolution 
may have operated to produce the similarities is the problem to be settled, 
and it can be settled only by a consideration of all the facts at our disposal 
which indicate the phylogeny of the various groups, a discussion which 
would prove entirely beyond the limits of a text-book. 

’ It has been pointed out that the probable ancestry of the Crustacea is 
to be found in the Annelida, and that the Arachnida have in all probability 
descended from Hurypterus-like ancestors, which were certainly Crustacean 
in their affinities. Are the Tracheata then also descended from the Crus- 
tacea and from forms which possessed trachee? Our present knowledge 
of the group negatives any such supposition ; it seems impossible that the 
Tracheata should, like the spiders, have descended from Hurypterus-like 
ancestors ; it must rather be concluded that the similarities between them 
and the Arachnida are due to convergent evolution, the embryonic simi- 
larities to the acquisition of comparatively large amounts of food-yolk in 
the ova, distributed in a similar manner, and the similarities of the adult 
to the exigencies of a terrestrial life. The occurrence of trachez in both 
groups seems at first an important point of similarity to be accounted for 
only by a community of descent, but, when it is considered that in the 
terrestrial Isopoda trachez also occur in the branchial opercula, and that 
their occurrence in these forms is a purely secondary adaptation, without 
any phylogenetic significance, it is evident that their importance as indi- 
cations of affinity is much reduced. It may also be pointed out that the 
Malpighian tubules of the Arachnida and Crustacea are endodermal, whereas 
in the Tracheata they are ectodermal, arising from the ectodermal hind- 
gut. 

There is little room for doubt but that Peripatus is closely related to 
the Annelida, and its relationships to the Myriapoda are also pronounced, 
so that the conclusion seems inevitable that the Tracheata have been de- 
rived from Annelid-forms, and have therefore a phylogeny practically inde- 
pendent of that of the Arachnida. However, it is possible that the Anne- 
lid ancestors of Peripatus and those of the Crustacea were more or less 
closely related, and that certain of the general similarities of all the three 
groups are thus to be accounted for, though to what extent we are not at 
present in a position to judge. One point, namely, the occurrence of com- 
pound eyes of similar structure in both groups, seems worthy of considera- 
tion, since it seems to be unexplainable by this hypothesis and to be a re- 
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markable instance of convergent evolution. It is to be noticed that the 
most primitive Insects, the forms through which affinities to the Crustacea 
if they exist must be traced, are as a rule provided only with simple eyes, 
a condition repeated in the eyes of Insect larvee—a fact which indicates that 
the compound eyes are structures which were not characteristic of the 
primitive Insects, but have developed within the limits of the group and 
can therefore have no phyletic connection with the compound eyes of the 
Crustacea. Adding to this fact the independently-developed tendency to 
form compound eyes seen in certain Annelida and Pelecypod Mollusks, it 
seems probable that notwithstanding their remarkable structural similari- 
ties the compound eyes of Crustacea and Insects have been independently 
acquired. Instead, therefore, of uniting the three groups together as a type 
Arthropoda equivalent to the other types, it seems preferable to separate 
them as distinct, just as is done with the Annelida and Mollusca, and the 
Annelida and Prosopygia. ' 

Starting, then, with the supposition that Pertpatus has descended from 
Annelid ancestors and represents the ancestors of the Myriapoda, the rela- 
tionships of the various orders of this class and of the Insects remains to 
be traced. Unfortunately a large gap exists between Peripatus and any 
recent Myriapods, and it is possible that this class is a heterogeneous group ; 
indeed by some recent authors it has been suggested that it should be 
done away with as a class, the Chilopods being united with the Insecta to 
form one class, while the Diplopods (perhaps with the Pauropoda associated 
with them) should form a second. There is no doubt but that Peripatus 
possesses many tracheate peculiarities, but its affinities to the remaining 
Tracheates are much more remote than those which exist between the vari- 
ous groups of Myriapoda, or between any of these groups and the Insecta. 
The character of the various appendages considered in relation with the 
nervous system seems to afford an admirable means of indicating the rela- 
tionships of the various groups. The brain of Peripatus seems to be 
formed by the fusion of three pairs of ganglia; the most anterior and dor- 
sal of these gives rise to the antennal nerve and the most posterior inner- 
vates the mandibles, while upon the middle one, which is closely related to 
the mandibular ganglion, the eye seems to be placed. It may be assumed 
that the ganglia with which the eyes are associated represent the Annelid 
supracesophageal or cerebral ganglia and may therefore be termed the pro- 
tocerebrum, while the antennary ganglia form the deutocerebrum, and the 
mandibular the tritocerebrum. In the Myriapods and Insects the brain is 
also composed of three parts to which the same names are applied, the 
antenne being innervated from the deutocerebrum, while the tritocerebrum 
lacks a corresponding appendage, though in certain Insects transient indi- 
cations of a tritocerebral appendage have been seen. Bearing these facts 
in mind, the ganglia and appendages of the various groups may thus be 
tabulated, and to make the comparison complete the Crustacea are also in- 
cluded. 
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It will be seen from this that in the Diplopoda the arrangement is 
intermediate between that found in Peripatus and that of the Chilopoda, 
while these latter approach closely the Insecta, and this seems to be the ac- 
tual relationship, Scolopendredla forming an intermediate link between the 
‘Chilopods and the Insecta, approaching the Thysanura closely in the ar- 
rangement of the mouth-parts and in the number of segments of which the 
body is composed. The Diplopoda, it is true, pass through a larval stage in 
which but six legs are present, and it might at first sight be supposed that 
this indicates an affinity with the Insecta, but these legs donot belong to 
the same segments as do those of the Insects, and furthermore the occur- 
rence of rudimentary abdominal appendages in some Thysanura, as well as 
in the embryonic stages of probably all Pterygota, indicates that the In- 
secta have been derived immediately from forms with many pairs of appen- 
dages, and these forms seem to be represented most accurately by the exist- 
ing Scolopendrella. 


SUBKINGDOM METAZOA. 
TYPE TRACHEATA. 


I. Class PRoTRACHEATA.— Annelid-like forms; trunk not differentiated 
into thorax and abdomen ; with nephridia. Peripatus. 

II. Class Myriapops.—Elongated forms; trunk not differentiated into 
thorax and abdomen ; posterior trunk-segments with appen- 
dages in the adult. 

1. Order Pawropoda.—Small forms ; with only one pair of maxille ; 
antenne ending in three flagella ; reproductive orifices at basis 
of second pair of trunk-appendages. Pawropus, Hurypauropus. 

2. Order Diplopoda.—With only one pair of maxilla; antenne 
simple ; reproductive orifice on second or between second and 
third trunk-segments ; most of the trunk-segments with two 
pairs of legs. ulus, Lysiopetalum, Polydesmus, Strongylo- 
soma, Glomeris. 

3. Order Chilopoda.—With two pairs of maxille and with maxillipeds; 
antenne simple; reproductive orifice on the antepenultimate 
segment; each trunk-segment with a single pair of legs. 
Geophilus, Scolopendrau, Lithubius, Scutiyera. 
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4. Order Symphyla.—With only one pair of maxille and no mazxilli- 
peds; antenne simple; most of the trunk-segments with a 
single pair of legs. Scolopendrella. 

IIL Class Insecra.—Trunk differentiated into thorax composed of three 

rings and an abdomen with typically ten segments. 

1. Subclass Apterygota.—Thorax without wings; abdominal segments 
sometimes with rudimentary limbs in the adult. 

1. Order Thysanura.—Abdomen with ten segments, terminating in 
three cerci; abdominal appendages frequently present. Le- 
pisma, Campodea. 

2. Order Collembola.—Abdomen with six segments terminating in 
two springing-organs ; abdominal appendages wanting. Podurq, 
Anurida. 

2. Subclass Pterygota.—With usually two pairs of wings situated on 
the meso- and metathoracic segments ; abdominal appendages 
wanting in adults. 

1. Order Dermaptera.—Abdomen with forceplike cerci; anterior 
wings small and chitinous, posterior folded like a fan and also 
transversely; mouth-parts biting; metamorphosis gradual. 
Forficula, Labia. 

2. Order Orthoptera.—Abdomen usually with cerci ; anterior wings 
chitinous, covering the posterior, which fold fanlike and some- 
times also transversely ; mouth-parts biting ; metamorphosis 
gradual. Caloptenus, Gryllus, Gryllotalpa, Periplaneta, Dia- 
pheromera. 

8. Order Ephemeride.—Abdomen with two long cerci; wings mem- 
branous and richly veined, the anterior larger; not folded when 
at rest ; mouth-parts biting, but reduced ; metamorphosis in- 
complete. Ephemera. 

4, Order Odonata.—Abdomen with two platelike cerci ; wings mem- 
branous and richly veined, not folded when at rest ; mouth- 
parts biting; metamorphosis incomplete, sometimes approaching 
completeness. Libellula, Aischna, Agrion, Diplax. 

5. Order Plecoptera.—Abdomen usually with cerci; wings membra- 
nous, moderately veined with few cross-veins ; the anterior cov- 
ering the posterior when at rest; mouth-parts biting; meta- 
morphosis incomplete. Perla. 

6. Order Corrodentia.—Abdomen without cerci; wings sometimes 
wanting (parasites and neuters), membranous, the anterior cov- 
ering the posterior when at rest; mouth-parts biting ; meta- 
morphosis incomplete or wanting. Termes (with polymorphism), 
Atropos, Liotheum, T'richodectes. 

. Order Thysanoptera.—Abdomen without cerci; wings sometimes 
wanting, narrow, poorly veined, fringed with hairs ; the anterior 
pair covering the posterior when at rest; mouth-parts piercing 
and sucking; metamorphosis incomplete. Thrips, Phlwothrips. 


a 
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8. Order Rhynchota.—Abdomen without cerci; basal portion of 


10. 


11. 


12. 


13. 


14. 


anterior wings chitinous, posterior wings and tips of anterior 
membranous, or else both membranous, the anterior the larger, 
or both wanting ; mouth-parts piercing and sucking ; metamor- 
phosis incomplete. 

Anterior wings chitinous at base (Hemiptera). Anasa, Notonecta, 
Belostoma, Ranatra, Hydrometra, Halobates, Cimex, Pedicuius 
(wings wanting in the last two). 

Anterior wings both membranous (Homoptera). Cicada, Aspidi- 
otus, Dactylopius, Pemphigus, Aphis (wings may be wanting 
in the last three). 


. Order Coleoptera.—Abdomen without cerci; anterior wings chi- 


tinous, covering in the posterior when at rest; mouth-parts 
biting ; metamorphosis complete. 

(a) Tarsi of four joints, one of them very small (Cryptote- 
tramera). Coccinella. 

(6) Tarsi of five joints, one of which is very small (Cryptopen- 
tamera). Curculionide, Clytus, Saperda, Monohammus, 
Doryphora. 

(c) Tarsi of posterior legs four-jointed, of two anterior pairs 
five-jointed (Heteromera). Meloé, Lytta. 

(d) Tarsi all five-jointed and all the joints of equal size 
(Pentamera). Lampyris, Elaterids, Melolontha, Necro- 
phorus, Staphylinide, Hydrophilus, Gyrinus, Bra- 
chinus, Harpalus, Carabus, Calosoma, Cicindela. 

Order Neuroptera.—Abdomen without cerci; wings membranous, 
richly veined with numerous cross-veins ; mouth-parts biting ; 
metamorphosis complete. Corydalis, Chirysopa, Myrmeleon. 

Order Panorpata.—Abdomen sometimes with cerci ; wings mem- 
branous with few cross-veins; mouth-parts biting, at end of 
cylindrical rostrum ; metamorphosis complete. Panorpa. 

Order Trichoptera.—Abdomen without cerci ; wings covered with 
hairs or scales, posterior ones larger and folded faulike when 
at rest ; mouth-parts sucking ; metamorphosiscomplete. Phry- 
ganea, Anabolia. 

Order Lepidoptera.—Abdomen without cerci ; wings covered with 
scales, not folded when at rest, though they may overlap; mouth- 
parts usually sucking ; metamorphosis complete. 

Small forms (Microlepidoptera). Tinea, Carpocapsa, Pyralide. 

Larger forms (Macrolepidoptera). Geometride, Clistocampa, 
Orgyia, Telea, Pieris, Vanessa, Papilio.” 

Order Hymenoptera.—Abdomen without cerci; wings membra- 
nous, without scales, not folded; mouth-parts biting and lap- 
ping ; metamorphosis complete. 

Ovipositor retractile with poison-gland (Aculeata). Apis, Bom- 
bus, Vespa, Cumponotus, Formica. 
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Ovipositor non-retractile, without poison-gland (Terebrantia). 
Ichnewmon, Proctotrupes, Pteromalus, Microgaster, Cynips, 
Selandria. 

15. Order Diptera—Abdomen without cerci; wings sometimes want- 
ing, only the anterior pair ever present, posterior pair repre- 
sented by halteres ; mouth-parts piercing and sucking ; meta- 
morphosis complete. 

With wings. Culex, Tabanus, Musca. 

Without wings. Pulex, Melophagus. 


LITERATURE. 


PROTRACHEATA. 


H.N. Moseley. On the Structure and Development of Peripatus capensis. 
Philosophical Transactions Royal Society, London, cLxiv, 1874. 

F.M. Balfour. The Anatomy and Development of Peripatus capensis. Quar- 
terly Journ. Microscop. Science, xxi, 1883. 

E. Gaffron. Beitrdge zur Anatomie und Histologie des Peripatus. Zoologische 
Beitriige, 1, 1885. 

J. von Kennel. Hntwicklungsgeschichte von Peripatus Hdwardsit und P. torqua- 
tus. Arbeiten des Zool. Instituts Wirzburg, vir, 1885; vitr, 1886. 

A. Sedgwick. Zhe Development of the Cape Species of Peripatus. Quarterly 
Journ. Microscop. Science, XXV-xXxVIII, 1885-1888. 

A. Sedgwick. A Monograph of the Species and Distribution of the Genus Pert- 
patus. Quarterly Journal of Microscop. Science, xxvu11, 1888. 


MYRIAPODA. 


H.C. Wood. The Myriapoda of North America. Trans. American Philosoph. 
Soc., xu, 1865. 

C. H. Bollman. Zhe Myriapoda of North America. Bulletin U. 8. National 
Museum, No. 46, 1893. 

R. Latzel. Die Myriapoden der osterreichisch-ungarischen Monarchie. Wien, 
1880-1884. 

J. A. Ryder. he Structure, Affinities, and Species of Scolopendrella. Proc. 
Academy Nat. Sciences, Philadelphia, 1881. 

J. Bode. Polyxenus lagurus, de Geer. Hin Beitrag zur Anatomie, Morphologie 
und Entwicklungsgeschichte der Chilognathen. Zeitschr. fiir d. gesammte 
Naturwissensch., xL1x, 1877. 

O vom Rath. Beitriige zur Kenntniss der Chilognathen. Bonn, 1886. 

C. Herbst. Bettrdge zur Kenntniss der Chilopoden. Bibliotheca Zoologica, 
Heft rx, 1891. 

F. G. Heathcote. The Harly Development of Iulus terrestris. Quarteriy Journ. 
Microsc. Science, xxvi, 1886. 

F. G. Heathcote. Zhe Post-embryonic Development of Iulus terrestris. Philo- 
sophical Trans. Royal Soc., London, cLxxrx, 1888. 


TYPE TRACHEATA. 529 


INSECTA. 
CYSTEMATIC, 


A. 8. Packard. A Guide to the Study of Insects. New York, 1889. 

Sir John Lubbock. A Monograph of the Collembola and Thysanura. London, 
1893. 

H. Hagen. Synopsis of the Neuroptera of North America. Smithsonian Inst. 
Miscellaneous Collection, rv, 1861. : 

©. H. Fernald. Zhe Orthoptera of New England. Boston, 1888. 

J. L. Leconte. Classification of the Coleoptera of North America. Smithsonian 
Inst. Miscellaneous Collection, 111, 1892 ; x1, 1873. 

J. L. Leconte. Numerous Papers on Coleoptera in Proceedings Acad. Nat. 
Sciences, Philadelphia. 

S. H. Scudder. The Butterflies of the Hastern United States and Canada, with 
Special Reference to New England. Cambridge, 1889. 

J.B. Smith. Contributions towards a Monograph of the Noctuide of North 
America... Proc..and Bulletin U. 8. Nat. Museum. 

A.S, Packard. Monograph of the Geometrid Moths. Report U. 8. Geological 
Survey of the Territories, x, 1876. 

E. T. Cresson. Synopsis of the Families and Genera of the Hymenoptera of 
America north of Mexico, together with a Catalogue of Described Species and 
Bibliography. Trans. American Entomological Society, 1887. 

H Loew and Baron Osten Sacken. Monograph of the Diptera of North America. 
Smithsonian Institution, Miscellaneous Collection, v1, 1862; vi, 1864; 
vir, 1869 ; x1, 1873. 

S. H. Scudder. The Fossil Insects of North America. New York, 1890. 


See also the publications of the U. 8. Entomological Commission and the 
Annual Reports of the U. 8. Department of Agriculture for numerous papers 
by C. V. Riley, A. S. Packard, and others. 


STRUCTURAL. 


H. Grenacher. Untersuchungen tiber das Sehorgan der Arthropoden. Géttin- 
gen, 1879. 

E. Burgess. Contributions to the Anatomy of the Milkweed Butterfly (Danais 
archippus). Anniversary Memoirs Boston Soc. Nat. History, 1880. 

H.C. McCook. The Honey-ants of the Garden of the Gods, ete. Philadelphia, 
1881. 

V. Graber. Die chordotunal Sinnesorgane und das Gehér der Insekten. Archiv 
fiir mikrosk. Anat., xx, 1882. 

E. Witlaczil. Zur Anatomie der Aphiden. Arbeiten a. d. zool. Inst. Wien, 
Iv, 1882. 

Sir John Lubbock. The Origin and Metamorphosis of Insects. London, 18838. 

Ants, Bees, and Wasps. London and New York, 1883. 

J. A. Palmén. Zur vergleichenden Anatomie der Ausfirhrungsginge der Sex- 
ualorgane bei den Insekten. Morpholog. Jahrbuch, 1x, 1883. 

J.Carriére. Die Sehorgane der Thiere vergleichend-anatomisch dargestelit. 
Miinchen, 1885. 


530 INVERTEBRATE MORPHOLOGY. 


B. Grassi. Anatomia comparata dei Tisanuri e considerazioni generali sull’ 
organizzazione degli Insetts. Atti della R. Accad. Lincei, Serie IV. tv, 
1887. 

K. Heider. Die embryonale Entwicklung von Hydrophilus piceus L. Jena, 
1889. 

J. Van Rees. Betirdge zur Kenntniss der inneren Metamorphose von Musca 

_ vomitoria. Zoolog. Jabrbiicher, m1, 1888. 

V. Graber. Vergleichende Studien am Keimstreif der Insekten. Denkschr. 
Acad. Wissensch. Wien, Lvii1, 1890. 

H. T. Fernald. Zhe Relationships of Arthropods. Studies from the Biolog. 
Labor. Johns Hopkins Univ., rv, 1890. 

B. T. Lowne. Anatomy, Physiology, Morphology, and Development of the Blow- 
fly. London, 1890-91. 

W. M. Wheeler. A Contribution to Insect Embryology. Journ. of Morphology, 
vin, 1893. 

T. H. Huxley. Anatomy of Cockroach. Text-book of Anatomy of Invertebrate 
Animals. New York, 1878. 

W. K. Brooks. Anatomy of Grasshopper. Hand-book of Invertebrate Zoology. 
Boston, 1890. : 


TYPE HCHINODERMA. 531 


CHAPTER XVI. 
TYPE ECHINODERMA. 


Ture Echinoderms are exclusively marine organisms and 
vary considerably in shape, some forms being elongated and 
vermiform, others stellate, and others again almost spherical. 
Whatever may be the shape, however, a well-marked radial 
symmetry can be distinguished, which suggested to the older 
zoologists the association of the members of this group with 
the Colentera in a type Radiata. The radii in the Echino- 
derma are, however, almost invariably five, instead of four or 
six or some multiple of these numbers as in the Celentera ; 
and, furthermore, while in the Coelentera the radial symmetry 
represents a primitive condition and any departure from it 
towards bilaterality, as in the Anthozoa, is secondary, the 
reverse is the case with the Echinoderma. The larval forms 
of this group are strictly bilateral, and even in the adults 
certain organs or parts of organs interfere with the regularity 
of the pentamerous arrangement and bring about a more or 
less pronounced bilaterality. 

This may be clearly seen if one of the stellate forms, such 
for instance as the ordinary five-rayed Starfish (Fig. 246), 
be examined. This animal consists of a central disk, at the 
centre of one surface of which, the oral surface, the mouth is 
found, while the anus occupies a somewhat excentric position 
on the other surface, which may be termed the aboral or 
apical surface. From the edge of the disk the five arms or 
rays project outwards, and along the median line of the oral 
surface of each arm there extend outwards from rings around 
the mouth a nerve-cord and a hydroccel canal, this latter 
forming a part of a peculiar system of vessels characteristic 
of the Echinoderms. Im consequence of this radiation of 
these structures out along the arms, and the arrangement of 
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the other organs for the most part in conformity with the 
yadiation, the arms may be regarded as representing ‘the 
radial axes of the body, the interradial axes lying in the in- 
tervals between them. If now the aboral surface of the disk 
be examined, there will be found upon it, in one of the inter- 
radii, a peculiar tubercle, known as the madreporiform tuber- 


Fie, 246.—Asterias arenicola (after Acassiz from VERRILL). 


cle, which serves to place the hydroccel system of canals in 
communication with the exterior water. There is but one 
such tubercle, and but one canal leading down from it to the 
hydroceel ring which surrounds the mouth, and consequently 
there can be but one plane in which the animal can be di- 
vided into two similar parts. Therefore the Starfish, though 
superficially appearing to possess a radial symmetry, is funda- 
mentally bilateral—a statement which applies equally well to 
any member of the Echinoderm type. 

It does not necessarily follow, however, that the plane 
which passes through the madreporiform tubercle is the 
median plane of the body. The larve of the Echinoderms 
are strictly bilateral organisms, no sign of radiality being 
found in them in an early stage of development, and it would 
seem more satisfactory to take as the median plane of the 
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adult animal one which corresponds as closely as possible 
with the larval median plane. The madreporiform tubercle, 
or rather the pore which corresponds to it, and the tube — 
which leads from it to the rudiment of the hydroccel system 
‘can readily be made out in the larve of most forms, and it 
can be seen that it lies to the left of the median plane of the 
body. Indeed in the larve of some Starfishes two pores 
occur at an early stage of development, one to the left and 
the other to the right of the median plane, the latter subse- 
quently disappearing. The madreporiform tubercle might 
therefore be regarded as lying to the left of the median plane, 
which will accordingly pass through the radius to the right 
of the tubercle. 

However, it is impossible to tell how much modification 
has taken place during the transition from the bilateral to 
the radial condition, and it is not impossible that the greater 
portion of the adult represents one of the halves of the 
embryo, the other half remaining more or less undeveloped. 
Furthermore a secondary bilaterality supervenes in certain 
forms of Echinoidea and Holothuroidea which does not agree 
with that indicated in the preceding paragraph, and is not 
indeed the same in the two groups. It seems therefore pref- 
erable to assume a perfectly arbitrary method of indicating 
the radii of the body, calling that radius which lies opposite 
the madreporiform tubercle A, that which lies to the left of, 
this when the animal is held with the oral surface upwards 
B, and so on C, D, #, following the direction of the hands of 
a watch. The interradii may be indicated by combining the 
letters of adjacent radii, the interradius between A and B 
being denoted by AB. 

The body-wall in the Echinoderma is covered on the out- 
side by a usually delicate, and in some cases ciliated, ecto- 
derm, which may, however, be indistinguishable from the sub- 
jacent mesodermal tissues in certain parts of the body. 
Below this ectoderm, when present, comes a layer of meso- 
dermal connective tissue consisting of relatively few cells 
imbedded in a more or less fibrillar matrix, and in this con- 
nective tissue there are imbedded numerous calcareous plates, 
in some forms, such as the Holothurians, somewhat widely 
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separated from one another so that the body-wall has a more 
or less leathery consistency, but more frequently placed 
almost or quite in contact with each other, and uniting in 
most of the Echinoids or Sea-urchins to form a firm test en- 
closing the principal vegetative organs, a small area or peri- 
stome around the mouth alone remaining but partially calci- 
fied and retaining a leathery consistency. Spinous elevations 
are frequently developed upon these dermal plates (whence 
‘the name of the type) and may assume various forms, being 
in some cases quite long, movably articulated with the plates, 
and supplied with muscles so that they may aid in locomo- 
tion. 

The arrangement of the calcareous plates differs greatly 
in the different classes which com- 
pose the type, but certain of them, 
distinguishable by their position 
and relative arrangement, reappear 
in the majority of the classes. 
These plates are situated at the oral 
and aboral surfaces of the body. 
The oral plates are not so constant 
nor so numerous as the aboral or 
apical, and show a tendency, even in 
those groups in which they are most 
highly developed, to undergo a 
greater or less amount of resorption 
during development, being frequent- 

ly more pronounced in larval than 
Fre. 247.—Disk anp Arm or 10 adult life. Typically the oral 
Zoroaster, suowine tHE system consists of a central oral 


AricaL System or PLATES plate, the orocentral, unknown in 
(after SLADEN), 


an = ais. recent forms, but occurring in cer- 
ed = centro-dorsal. tain fossil genera, and this is sur- 
mt = madreporite. rounded by a ring of five plates, 
cz sir rea which may he termed the oral plates, 
8 — basals: and which have an interradial posi- 
4 = radials. tion. The apical system has as a 


central plate the so-called centro. 
dorsal (Fig. 247, CD), which in some forms is replaced by a 
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number of small plates between which the anal opening of 
the digestive tract is to be found. Forming a ring around 
this are frequently five plates possessing a radial position 
which are termed the under-basals (Fig. 247, 2) and are un- 
represented in certain forms; next to these comes a second 
circle of five plates, the basals (Fig. 247, 3), which are inter- 
radial and correspond to the oral plates, while next to these 
again is a third cycle, also of five plates, the radials (Fig. 247, 
4), whose name denotes their position. Numerous other 
plates may intervene in the various groups between the radials 
and the orals, but their number and arrangement is not sufhi- 
ciently constant to permit of homologies ; the oral and apical 
systems are, however, represented more or less perfectly in 
all but one of the classes, and consequently deserve special 
meution. 

A well-developed dermal muscular system occurs in the 
Holothurians in which the calcareous plates are scattered 
and the body-wall consequently capable of considerable con- 
traction and expansion, but in other forms it is very much 
reduced. In those forms in which the calcareous plates are 
simply in apposition strands of muscular tissue pass from 
plate to plate, a considerable amount of movement being pos- 
sible, but in the Sea-urchins, for example, the dermal muscu- 
lature is almost wanting, being reduced to bands passing to 
the bases of the movable spines and to the complicated mas- 
ticatory apparatus. 

The celom is somewhat complicated in its relations, which 
vary considerably in the different groups. In all enteroccelic 
and schizoceelic portions are distinguishable, the former in 
the embryo arising as pouchlike diverticula from the primi- 
tive intestine or enteron, and later becoming completely con- 
stricted off from it. Much variation occurs in the later his- 
tory of the pouches in the various groups, but in general it 
may be stated that one of them, the left, has a portion con- 
stricted off from it, which forms the adult water vascular sys- 
tem or hydrocel, a structure characteristic of the Echinoderms ; 
and furthermore this same left enteroccel communicates with 
the exterior by a dorsal pore, situated in the interradius CD, 
and represented in the adult by one or many pores opening 
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upon a sievelike calcareous plate known as the madreporiform 
tubercle or madreporite. The hydroccel in the adult communi- 
cates with the left enteroceel by a tube, termed the stone- 
canal from the deposition of calcareous matter which occa- 
sionally takes place in its walls, and so indirectly opens to 
the exterior through the madreporiform tubercle (see Fig. 
265). The various departures from this arrangement which 
occur will be more conveniently considered in connection 
with the special descriptions of the various groups; the con- 
dition just mentioned may be provisionally accepted as rep- 
resenting the typical arrangement. 

After the separation of the hydroccel from the left entero- 
coel, the latter and the enteroccel of the right side increase in 
size and finally apply themselves closely to the inner surface 
of the body-wall and to the outer surface of the digestive 
tract, forming the peritoneal lining of these structures. Where 
the two coelomic sacs meet there are formed, of course, two 
partitions extending from the body-wall to the intestine, and 
suspending that structure between them. These partitions 
are the mesenteries, but before the embryo reaches the 
adult stage one of these mesenteries disappears, the other 
persisting in a more or less perfect form. The coiling of the 
intestine, which occurs frequently in the adult forms, brings 
about complications of the course of the mesentery, compli- 
cations further increased in most cases by the formation of 
other partitions which may traverse a greater or less portion 
of the ccelom either longitudinally or transversely. One of 
the transverse partitions, most frequently present, separates 
off more or less completely from the rest of the ecelom, a por- 
tion of it surrounding the pharyngeal region of the digestive 
tract and hence termed the peripharyngeal cavity, while in 
some cases a perianal cavity may similarly be formed. 

The hydroccel, whose origin has been described, develops 
into a tubular ring (Fig. 248, cc) surrounding the cesophacus 
quite close to the mouth. Upon this ring in the interradii 
one or several saclike diverticula, termed Polian vesicles (p); 
occur, and in one interradius a canal, the stone-canal (se), 
passes aborally to open into a thin-walled sac termed the 
ampulla of the stone-canal, which is in reality a portion of 
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the left enteroccel, partly or wholly separated off from the 
rest of that cavity. This ampulla, as already mentioned, 
communicates with the exterior tbrough the madreporite. In 
the radii tubes (rc) arise from the ring which extend out to 
the aboral extremity of the body in the elongated and spheri- 
cal forms, and to the ends of the rays in the brachiate forms, 
terminating frequently in tentacular structures (¢) which pro- 
trude to the exterior, pushing the ectoderm before them. 
Along the course of these tubes lateral branches are given off 


Fig. 248.—D1acraM TO SHOW THE ARRANGEMENT OF THE HyDROC@L OF 
AN ECHINODERM. 


@ = ampulla. p = Polian vesicle. 
as = axial sinus. re = radial canal. 

cee = circulur canal. se = stone-canal. 

M = madreporite. t = terminal tentacle. 


if = tube-foot. 


which terminate either in tentacular structures, or else in 
tubes terminating in a sucker, which, since they play an im- 
portant role in locomotion, are termed tube-feet (tf). In many 
forms a globular reservoir or ampulla (a) is attached to each 
tube-foot, and valves are found at the junction of the branch 
passing to the foot with the radial canal, so that the foot can 
be extended to a considerable distance by the contraction of 
the muscles in the walls of the ampulla and the consequent 
forcing of water into it. By means of the sucker they may 
then adhere to foreign objects, and their contraction then 


produces a movement of the body towards the point of fixa- 
tion. 
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In connection with the stone-canal a peculiar body is 
developed in most forms. Its function is a matter of ques- 
tion, it having been at one time taken for the heart and at 
another for a gland. It is generally termed the ovoid gland 
(Fig. 265, og) and consists of a mass of cells, derived from the 
peritoneal lining of the enterocel, grouped together to form 
a more or less solid mass. The oral end of the gland is pro- 
longed into a cordlike structure which seems to enter into 
close relationships with the oral lacunar ring (see below), while 
at the other it is continued out to enter into close relationships 
with the reproductive organs in a manner that will be de- 
scribed when treating of those organs. Surrounding the 
gland is a sinus—the axial sinus (Fig. 265, as)—separated off 
from the enteroccel and, in some forms, in communication 
with the ampulla of the stone-canal, and the portion of the 
gland which passes off towards the reproductive gland is also 
surrounded by a sinus, or rather lies in the wall of a sinus 
which may or may not communicate with the axial sinus but 
has, like it, origin from the general enteroccel. 

What has been termed a blood system is usually present, 
consisting of a tubular ring surrounding the cesophagus, and 
lying between the hydroccel-ring and the nerve-ring. Five 
branches may extend off from it along the radii, preserving 
the same relations to adjacent structures as does the ring. 
These spaces seem to be schizoccelic in their character, and 
may be termed the schizoceelic ring and radial schizocelic sinuses 
in order to avoid confusion with another system of vessels 
which sometimes lie within the sinuses and have also been 
termed blood-vessels. This latter system may be termed the 
lacunar system, and is composed of a network of vessels lying 
in the walls of the intestine, and collecting usually into a 
periesophageal ring or plexus (Fig. 265, U7), with which also 
the ovoid gland comes into connection. In the Echinoids, 
as has just been indicated, prolongations of this periesophageal 
ring or plexus extend out in the radial schizoccelic sinuses. 

The fluids contained in the sinuses, lacune, hydroccel, and 
enteroccel are all very similar, consisting of a plasma contain- 
ing amceboid cells sometimes deeply pigmented. In a few 
forms hemoglobin is present; in the Ophiuran Ophiactis it ig 
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contained in flat non-nucleated disks, resembling Mammalian 
red blood-corpuscles, floating in the plasma of the water 
vascular system ; in the Holothurians, Thyone and Cucumaria, 
it is, however, contained in amosboid corpuscles, which are 
most abundant in the coelomic fluid, though occurring also in 
the water vascular tubes. 

The digestive tract is generally more or less twisted into a 
spiral ; and even when, as in some Holothurians, it appears to 
be straight, it is to be regarded as a much-drawn-out spiral, 
since the mesentery still retains a spiral arrangement. In the 
Holothurians, Echinoids, and Starfishes it opens on the aboral 
surface of the body, but in the Crinoids it is bent upon itself 
so that the anus is on the oral surface. In some Starfishes 
and in all Ophiurans no anus is present. Various accessory 
structures, masticatory apparatus, ccecal pouches, etc., are 
found in the various groups, but their description may be 
deferred until later. 

The nervous system may be regarded as being composed of 
three portions, one of which has essentially the same arrange- 
ment as the water vascular tubes, consisting of a circumoral 
or a pericesophageal ring from which five radial nerves pass 
off (Fig. 265, nr and rn). In the Starfishes and Crinoids the 
entire system is imbedded in the ectoderm, but in other forms 
it sinks within the body-cavity. From it branches pass in- 
wards at the mouth to supply the walls of the esophagus, and 
other branches form a network covering the surface of the 
body, supplying the sense-organs which may occur thereon. 
The radial nerves, in addition to sending branches to join the 
epidermal plexus, supply the ambulacral system. This por- 
tion of the nervous system may be termed the epidermal 
portion, and the second, inasmuch as it supplies the majority 
of the muscles of the body, may be termed the muscular 
system. This is not always developed, being absent in the 
Crinoids, but when present accompanies in general the epi- 
dermal portion in the form of delicate nerve-cords lying on 
the inner surface of the circumoral ring and radial nerves, and 
sending branches to the various muscles, including possibly 
those of the tube-feet. The third or aboral portion appears 
to be entirely wanting in the Holothurians, but when present 
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consists of a ring situated at the aboral surface of the body, 
sending off branches to the reproductive organs as well as, in 
some cases at least, forming anastomoses with the epidermal 
system. 

Sense-organs of various kinds are developed. Tactile 
tentacles occur at the extremities of the radii of some forms 
and round the mouth in others, while in the softer-skinned 
Holothurians tactile papille may occur. Eyes occur at the 
extremities of the radial nerves of the Starfishes, and have 
also been described as occurring in some Kchinoids, while 
otocysts occur in some Holothurians, sometimes in considera- 
ble numbers. 

No special excretory organs occur in the Echinodermata, 
the amceboid cells of the coelomic fluids perhaps serving in 
some cases to remove the waste substances. They have been 
observed to pass through the body-wall, in regions where it is 
thin, to the exterior and there degenerate. For the most 
part, however, the waste products are deposited in the tissues, 
or else pass to the exterior by osmosis. In the Holothurians 
special branched appendages of the terminal portion of the 
intestine appear to take some part in excretion, but such 
organs do not occur in other groups. 

The Echinoderms are almost invariably bisexual, and the 
reproductive organs are usually situated in the interradii. 
They are enclosed in a special coelomic sinus, the genital sinus, 
in whose wall may be found the branches of the aboral nerves. 
From each organ or mass of reproductive cells a cellular cord, 
the genital rachis, surrounded by the sinus may be traced, 
except in the Holothurians, to the ovoid gland, and it appears 
probable that in some cases at least the reproductive cells 
originate in a part of the ovoid gland and migrate to the 
reproductive organ along the rachis, becoming mature in their 
final position. The openings by which the reproductive ele- 
ments pass to the exterior vary both in number and position 
in the different groups, but are usually situated on the aboral 
surface of the body. 
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I. Cruass CRINOIDEA. 


The Crinoids, or Sea-lilies (Fig. 249), constitute a group of 
forms which in the earlier geological periods reached a high 
grade of development, but to-day the class is represented by 
comparatively few forms, for the most part confined to deep 


wats) 


Fig. 249.—Pentucrinus maclearanus (after WyviLLz Tompson from Herrwia). 


water. One of the most characteristic features of the group 
is the presence of a more or less elongated cylindrical stalk, 
one end of which is attached to stones or other objects which 
serve as supports for the animal, while at the other end is 
the body proper, which has a more or less cuplike form. In 
the peculiar genus Holopus the stalk is thick and short, and 
may be described rather as the prolonged apex of the body 
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than as a distinct stalk, while in other forms, such as Antecion 
and Actinometra, the stalk, though present in young forms, is 
entirely wanting in adult life, during which the animal is free- 
swimming, though having the power of anchoring itself 
temporarily to solid objects by means of a number of slender 
processes termed cirri which project from the apex of the cup 
(Fig. 251, c). 

The lower portion of the cup, or calyx, is formed by a num- 
ber of series of calcareous plates united to each other by 
sutures, while its mouth is covered in by a flat or dome- 
shaped disk in which calcareous plates may or may not be 
present. In the centre of the disk is the mouth of the animal, 
while to one side is the anus, lying in the interradius CD. 
From the mouth five grooves, known as the ambulacral grooves, 
extend outwards towards the margin of the cup, and, near the 
margin, branch, being then continued outwards on the oral 
surfaces of ten arms which arise from the junction of the disk 
and calyx, frequently branching in their course, and bearing 
along their sides a series of short processes resembling them 
in structure, and termed the pinnules, upon which the ambu- 
lacral grooves are also continued. These arms are capable of 
considerable movement, being at one time extended out at 
right angles to the body or even reflexed, and at another 
‘ coiled up circinnately over the disk, the pinnules being at the 
same time bent inwards towards the median axis of the arm. 

The stem when present consists of a number of disklike or 
cylindrical calcareous plates, placed one on top of the other, 
being held together by bands of connective tissue, and is 
traversed by a central canal containing prolongations of certain 
of the visceral structures. The terminal plate serves as the 
point of fixation, the plates immediately above it having 
attached to them a number of cirri which assist in fixation 
and are, like the stem, composed of calcareous plates contain- 
ing prolongations of the central canal. In some forms, such 
as Pentacrinus, whorls of cirri also occur at intervals all along 
the stem, those plates from which they arise being termed 
nodal plates, a varying number of plates destitute of cirri 
occurring between two nodes in different genera. In certain 
genera, however, such as Hyocrinus and Lhizocrinus, these 
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stem-cirri are entirely wanting except near the point of fixa- 
tion. 

The uppermost plate of the stem is usually regarded as 
forming the apex of the calyx and is termed the centrodorsal. 
Above this comes in most recent forms a series of usually five 
(sometimes three) interradial plates, the basals (Fig. 250, b), but 
in one genus, Thaumatocrinus, there occurs between the cen- 
trodorsal and basal plates a series 
of five radial plates which are 
termed the parabasals or under- 
basals, and which have also been 
found to occur in the embryo of 
Antedon, later on fusing with the 
centrodorsal. Succeeding the ba- 
sals are from two to seven circles 
of radials (r), each circle being 
also composed of five plates termed 
the first, second, third, etc., radials Fre. 250.—THr ApicaL sysTeM 
according to their succession  0* Mélocrinus (rosst) (from 


y Brown). 
counting from the centrodorsal. d= satitary plates. 


In Antedon and some of its allies b = basal plates. 
the number of cycles of radials ¢ = interradial plates. 
seen from the exterior is one r = radial plates. 


short of the actual number which 

exists, the first radials being overlapped and covered in 
by the second; and furthermore in the same forms the 
basals have also been pushed, as it were, within the calyx 
and have fused to form a single plate, the so-called rosette 
plate (Fig. 251, Ros), which rests upon the centrodorsal, par- 
tially closing a cavity in that plate. The terminal radials 
usually present two articulating facets in their distal sur- 
faces and are generally known as the azillaries (Fig. 250, a), 
since the arms articulate with them. In the genus Thauma- 
tocrinus between each pair of first radials an interradial plate 
occurs, a condition frequently found in fossil genera (7), but 
usually wanting in recent forms. These various plates which 
constitute the apical system are united by sutures, the edges 
of the various series of plates coming into contact, so that a 
firm support is afforded for the arms. 
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These are in reality continuations of the radial series of 
plates ; in fact, in some forms certain of the radials appear to 
enter into the formation of the arm. In most forms, however, 
a series of arm-plates arises from each facet of the five axillary 
plates, so that the arms are ten in number—a condition which 
finds an exception in the remarkable genus Zhauwmatocrinus, 
which possesses but five. In some forms these ten arms 
branch dichotomously ; the plates intervening between the 
axillaries and the first branching are termed brachials, those 
between the first and second branchings distichals, and those 
between the second and third branchings palmars—terms 
which are useful in systematic descriptions. ‘These various 
plates are united together by ligaments and muscles, or else 
by ligaments alone (this last form of union being known as a 
syzygy), the movements of the arms noted above being thus 
rendered possible. The pinnules repeat the arm in their 
structure, though usually on a much-reduced scale. They 
are situated on the joints separating consecutive plates of the 
arms, and are placed alternately on the right and left sides | 
of the arm which bears them. They appear at first to have 
been produced by lateral budding from the joints, but closer 
examination indicates that in reality they represent a branch- 
ing, one of the brauches remaining small, while the other in- 
creases in size and places itself in the direction of the axis of 
the arm. ‘he whole arrangement is comparable to that form 
of inflorescence termed by botanists a scorpioid cyme, the 
pinnules representing the flower-pedicels. Owing to the 
pinnules being in reality one of the branches of a dichotomy, 
it is evident why, in those forms in which the arms branch, 
there is no pinnule at the joint where the branching occurs; 
in addition, however, pinnules are also lacking on syzygial 
joints, so that their regular succession may be somewhat dis- 
turbed. 

As regards the oral system of plates an oro-central is found 
in some fossil forms, but is unrepresented in recent genera. 
A circle of five interradial oral plates is found in Holopus, 
Rhizocrinus, Hyocrinus, Thaumatocrinus, and Calamocrinus, 
and in the stalked larva of Antedon, but in the adults of this 
latter form and in other genera than those mentioned these 


TYPE ECHINODERMA. 545 


plates disappear during growth, the disk being either naked, 
or covered by a number of small plates which are termed an- 
ambulacrals, certain of which lying on either side of the ambu- 
lacral grooves receive the special name of adambulacrals, or 
covering-plates. 

The ectoderm cannot usually be distinguished over the 
surface of the calyx or on the stem, but is present on the 
disk and on the oral surfaces of the arms and pinnules, being 
there non-ciliated except along the ambulacral grooves. It 
rests upon a connective tissue in which the calcareous plates 
are developed, and from which strands, frequently with cal- 
careous spicules imbedded in them, usually traverse the body- 
cavity. The ligaments which unite the plates of the arms 
and stem are formed of this connective tissue, and contractile 
fibres of a peculiar character are sparingly developed in it, 
stretching across the non-syzygial joints of the arms, pinnules, 
and cirri, and probably also reaching a slight development 
in the stem. 

The internal structure of the Crinoids is known princi- 
pally from observations on Antedon, and the following account 
represents what occurs in that form. The ccelom, as already 
stated, is traversed by numerous strands of connective tissue, 
and primarily consists of two cavities separated from each 
other by a mesentery, each cavity being continued out into 
the arms, forming the oral and aboral canals of these struc- 
tures, at the extremities of which they unite. The mesentery 
does not, however, long persist in its entirety, but the two 
cavities fuse, new membranes, however, arising and dividing 
them in some species of Antedon. One of these membranes 
(Fig. 251, vs) surrounds the intestine and forms the visceral 
sac, its presence rendering the evisceration of Antedon an 
easily-accomplished process and one which is made use of 
by the animal in unfavorable conditions, a new visceral mass 
_ being later regenerated. The portion of the coelom which 
lies peripherally to this sac is termed the circumvisceral 
portion (cc), and that within it the intervisceral (ic), the latter 
containing an axial cavity (dv) enclosed by a membrane sim- 
ilar to the visceral sac and continuous with the oral ccelomic 
cavities (oc) of the arms, the aboral cavities (ac) communicat- 
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ing with the circumvisceral coelom. A portion of one of the 
coelomic cavities at an early stage becomes cut off from the 
rest of the coelom and divided into five chambers whose walls 
are formed of a dense fibrous membrane. This constitutes 


Fie. 251.—VerticaL Section THROUGH Antedon (combination of figures by 
Lupwie and MARsHALL). 


ac = aboral canal of arm, M = mouth. 

an = aboral nerve. oc = oral cavity of arm. 
Aw = axial sinus. on = oral nerve-ring. 

Br = brachial plates. R =: radial plates. 

C = cirri. 7b = radial lacunar vessel. 

ce = circumvisceral cavity. rm = radial epithelial nerve. 
CD = centrodorsal plate. Tos = rosette-plate. 

co = central organ. rw = radial hydrocel-canal. 
Do = dorsal organ. sc = stone-canal. 

gr = genital rachis. T = oral tentacle. 

i = intestine. vs = visceral septum. 

tc = intervisceral cavity. wp = water-pore. 


the chambered organ (co), which in Antedon lies in a cavity 
in the centrodorsal plate and is roofed over by the rosette- 
plate, but in other forms simply rests upon the centrodorsal ; 
communicating with it is the lower end of a somewhat club- 
shaped structure termed the dorsal organ (Do), which pro- 
jects orally parallel to the axial coelomic cavity. 

The epithelium of the aboral coelomic cavities of the arms 
is differentiated here and there into peculiar organs the cili- 
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ated cups, consisting of slight depressions lined by columnar 
cells each of which bears a long cilium. These cups are 
especially abundant in the pinnules, and serve to create a 
circulation of the ccelomic fluid, which, as in other Echino- 
derms, contains numerous ameeboid cells floating freely in it. 

The water vascular system, or hydroccel, consists of a ring 
surrounding the mouth, and sending outwards five radial 
canals (rw) which lie below the ambulacral grooves and are 
continued along the arms and pinnules. Occasionally sub- 
ambulacral calcareous plates are developed in the connective 
tissue below the radial canals, and in some fossil forms these 
plates assume a regular arrangement in two rows. At regu- 
lar intervals along the arms are situated the ambulacral ten- 
tacles, which are fingerlike outpouchings of the radial canals 
destitute of terminal suckers$ and are arranged in groups of 
three, the canals being somewhat enlarged in the region where 
they occur, an indication perhaps of the ampulle found in 
other groups; in some forms the cavities of the tentacles 
seem tobe united with those of the canals only by exceed- 
ingly small orifices, which may be closed, since the tentacles 
in their greatest-contraction always remain filled with fluid. 
In the neighborhood of the mouth are a number of oral ten- 
tacles (Fig. 251, 7’) arising directly from the oral ring, and 
differing from the ambulacral tentacles in not being arranged 
in groups of three. From the oral ring there also arise in 
Antedon a number of ciliated tubes (sc) which open into the 
ceelomic cavity, each one corresponding to a stone-canal of 
the other Echinoderms. In Anfedon there are as many as 
thirty of these canals in each interradius, and in Pentacrinus 
an even greater number occurs ; but in other forms they may 
be fewer, Rhizocrinus, for example, possessing only five in all, 
one being situated in each interradius. In the larva of Ante- 
don there is at an early stage only one, communicating with a 
portion of one of the primary ccelomic cavities, which on its 
part opens to the exterior by a pore, an arrangement which 
may be regarded as typical for the Echinoderms. Later, 
however, this portion of the celomic cavity degenerates, and 
the canal then opens directly into the general ccoelom, and 
this communicates with the exterior by the pore. In subse- 
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quent stages additional stone-canals develop from the oral 
ring, and at the same time additional pores develop in the 
walls of the body, forming what are called the calyx-pores 
(wp). These may reach a considerable number, it being esti- 
mated that in Antedon there are no less than fifteen hundred 
of them scattered over the disk; in /?hizocrinus, [Tyocrinus, 
and Holopus, however, there are only five pores, one piercing 
each of the oral plates present in these forms. 

The schizoccelic system consists of five radial sinuses (Fig. 
251, rb) lying between the radial hydroccel vessels and the 
more superficial radial nerve, together with, according to some 
authors, a circular sinus surrounding the mouth into which 
the radial sinuses open. A plexus of lacunz occurs in the 
walls of the intestine, and another surrounds the csopha- 
gus, this latter in part aggregating itself into a structure re- 
sembling a lymphatic gland and known as the spongy body; 
the dorsal organ likewise contains a dense network of tubes 
lined with epithelium. Along the sides of the hydrocel- 
canals, in the disk, arms, and pinnules, alternating in the two 
last with the triads of tentacles, in the walls of the intestine, 
and occasionally elsewhere, there are imbedded in the con- 
nective tissue yellowish spherical bodies known as the sacculi. 
The interior of each sacculus is lined with cells, and contains 
a number of pyriform masses formed of small highly-refrac- 
tive spherules, apparently of an albuminoid substance. The 
function of these bodies is very obscure ; they have been re- 
garded as organs for secreting carbonate of lime, as excretory 
organs, as parasites, as mucous glands, and lately as organs 
of reserve in which proteid matter may be stored up for 
future use. At present, however, the question is an open 
one, and a function cannot with certainty be assigned to them. 

The mouth (Fig. 251, m) is usually situated at the centre 
of the oral disk, and opens into a simple tubular intestine 
which coils once round the coelomic cavity in the direction of 
the hands of a watch and then, bending upon itself, turns 
orally to open in the interradius CD upon the disk. In Ac 
tinometra, a genus closely related to Antedon, the intestine 
lies in four coils, but there is as a rule little variation from the 
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condition described, and no specially-marked differentiation 
of the tube occurs. 

_ The nervous system of the Crinoids is characterized by 
the remarkable development of the aboral portion and by 
the apparently entire absence of the muscular portion. The 
epithelial portion consists of a ring and five radial nerves (rn) 
which pass along the ambulacral grooves and out upon the 
arms and pinnules, imbedded throughout their entire course 
in the lower layers of the ectoderm. The aboral system is, 


Fig. 252.—DragraM OF THE ARRANGEMENT OF THE ABORAL NERVOUS 
SYSTEM OF Antedon (after MarsHaLt). 
@ = arms. ed = centrodorsal. 
Br = brachial plates. R = radials. 


on the other hand, much more strongly developed, and stands 
in intimate association with the chambered organ in the walls 
of which it is imbedded. Its central portion is somewhat 
complex, as is shown in Fig. 252, but may be said to consist 
of a ring, or, more properly speaking, of a pentagon from 
which five strong cords radiate out into the arms, perforating 
the plates of which these are composed. Both fibres and 
ganglion-cells enter into the composition of the cords and 
ring, and a complicated system of commissures exists. From 
the central portion branches are also sent to the cirri, and 
probably in stalked forms a branch traverses the central 
cavity of the stalk, accompanying prolongations of the cavities 
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of the chambered organ. The terminal branches of the radial 
aboral nerves pass to the integument of the oral surfaces of 
the arms and to the muscles which unite the various plates, 
so that the system governs and coérdinates the movements of 
the arms and pinnules as well as of the cirri. The epithelial 
system, on the other hand, controls the movements of the am- 
bulacral and oral tentacles, stimulation of it causing move- 
ment of these structures in the immediate vicinity of the 
region to which the stimulus is applied. 

Another system of nerve-fibres, consisting of a pericesoph- 
ageal ring which sends off two branches to each arm, one 
lying on each side of each of the ambulacral grooves, and 
which is connected with nerve-fibres passing from the dorsal 
organ, has been described as occurring, but its significance 
has not yet been satisfactorily determined. No special sense- 
organs occur in the Crinoids. 

The reproductive organs are developed for the most part 
in the pinnules, occasionally a slight development of them 
appearing in the arms or even in the body proper ; in Holopus 
alone they are confined to the arms. They consist of tubes 
lined with germinal epithelium on their inner surfaces and 
enclosed within a prolongation of the ceelom. They lie be- 
tween the two ccelomic prolongations of the arms already 
mentioned, and though the reproductive organs are developed 
only in the pinnules as a rule, nevertheless each genital tube 
or rachis (Fig. 251, gr) can be traced through the arm to the 
body, where it terminates in connection with the dorsal organ. 
In their development indeed they grow out from this organ, 
and it seems probable that the ova and spermatozoa mother- 
cells migrate out from it along the rachides to reach maturity 
in the pinnules. Comparing this with the condition in other 
Echinoderma, it seems clear that the so-called dorsal organ 
of the Crinoids is homologous with the ovoid gland of the 
other forms. The reproductive elements pass to the exterior 
by one or two ducts connected with each reproductive mass; 
the origin of these ducts is unknown. 


The Crinoids seem to have been closely related to two groups of forms 
known only as fossils. These were the Cystoids, which appear in the Lower 
Silurian rocks and die out in the Carboniferous, and the Blastoids, which 
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appear in the Upper Silurian and also disappear in the Carboniferous. 
For a description of these forms reference must be made to the standard 
works on Paleontology. On account of their similarity to the Crinoids they 
have been associated with them in the class Pelmatozoa, of which each of 
the groups formed an order; inasmuch, however, as the present work is 
concerned only with recent forms, it has been thought more convenient to 
regard the Crinoids as a class. 

The class Crinoidea has been divided into two orders. The Paleocri- 
nida, chiefly Paleeozoic forms, characterized principally by the presence of 
under-basals and of a series of plates covering in the disk almost com- 
pletely, to which may be added the usual presence of interradials and the 
greater width of one of the interradii, that in which the anus occurred 
(see Fig. 250). The Meocrinida, on the other hand, included the recent 
forms, the group making its first appearance in the Mesozoic, and is char- 
acterized by the disk being ouly imperfectly covered by plates, by the 
under-basals and interradials being absent, and the interradii. all equal in 
width. Transition forms between the two groups occur, however, the 
genera Hyocrinus and Calamocrinus, for example, presenting certain 
Palwocrinid peculiarities combined with Neocrinid ones, and it seems more 
satisfactory to divide the class into families only, leaving orders out of the 
question. 

Development of the Crinoids.—Antedon is the only Crinoid whose 
development has been studied. The embryo leads 
for a time a free-swimming existence, and possesses 
a somewhat ovoidal form (Fig. 253) with a tuft of 
cilia at the smaller anterior end and five rings of 
cilia surrounding the body. Not far from the ante- 
rior end is a slight groove, and lower down upon the 
side is a much larger one. This larva settles down 
upon the anterior end, the slight depression near 
this end serving as an organ of fixation, and then 
a rather remarkable rotation occurs, the large groove 
shifting round together with the interior organs until 
it comes to lie at the free end of the organism, and at 
the same time its lips unite so as to enclose a cavity, 
the vestibule. Calcareous plates have ere this de- 
veloped in the connective tissue of the embryo and 
outline a stalked Crinoid into which the larva is 
gradually transformed, the larval skin shrinking as 
= of figures by THOMPSON 
it were, so as to closely surround the stalk and calyx, np Gorrne after Kor- 
while the vestibule opens to the exterior by the scaezr anp HetpeR). 
gradual thinning and final disappearance of its roof, 
its floor forming the ectoderm of the disk. After continuing its growth for 
some time as a stalked Crinoid, the young Antedon finally separates from 
its stalk, and thereafter leads a free existence. 


Fie. 253.—Larva or 
Antedon (combination 
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II. Crass ASTEROIDEA. 


The Asteroidea, or Starfishes, are all flattened forms, at 
no period of their lives attached by a stalk, but creeping 
about freely upon the oral surface. In some forms the body 
is a flattened disk pentagonal in outline (Asterina), but more 
usually (Fig. 246) the five radii are prolonged out into five 
stout unbranched arms, and in some forms, such as Brisinga, 
the arms may be long and slender and more than five in 
number. The mouth is situated in the centre of the oral 
surface, and the anus slightly excentrically upon the aboral 
surface, while the hydroccel system of tubes is confined, as 
in the Crinoids, to the oral surface of the body, except that 
the madreporiform tubercle by which the system communi- 
cates with the exterior is upon the aboral surface in the in- 
terradius CD. 

The ectoderm is throughout ciliated, and contains usually 
numerous mucous glands, while in its lower layers ganglion- 
cells and nerve-fibrils form a plexus extending over the entire 
surface of the body. 

Calcareous matter is deposited in the connective tissue, 
but in the majority of forms the primitive apical plates are 
not recognizable in the adult; more usually the aboral sur- 
face is covered by a large number of small plates arranged 
without any regularity, or else the calcareous matter forms 
a reticulum composed of numerous fused bars, short spines 
rising frequently from the points of union. In embryos, 
however, and in some adult forms, such as Zorouster (Fig. 
247), the apical system can readily be made out, and con- 
sists of a centrodorsal plate (Fig. 247, CD), sometimes 
grooved upon the edge for the anus (an), surrounded by five 
under-basals (2) usually small, alternating with which are 
five basals (3). At the base of each arm is a radial (4), and 
in embryos beyond this there is in each radius another plate, 
which as growth takes place is carried further and further 
from the radial and finally forms the terminal plate (7) of the 
arm, by which name it is known. 

Of the oral system the orals are possibly represented by 
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the so-called odontophore plates, which are generally small 
and in many cases covered over by other plates of the oral 
surface, and lie in the immediate neighborhood of the 
mouth. At the junction of the oral and aboral surfaces of 
the disk and arms two series of plates are frequently to be 
found which from their position are termed the supra and 
infra-marginals, and, in addition to these, series of plates 
with definite arrangement are developed in connection with 
the water vascular system. Thus along each side of the mid- 
dle line of each arm is a series of plates, which, sloping 
aborally and towards the axis of the arm, meet to form the 
floor of an ambulacral groove which extends outwards from 
the mouth to the extremity of the arm. These are the am- 
bulacral plates (Fig. 254, A), and each series of them is flanked 
upon the outer side by a row of adambulacrals (Fig. 254, B) 
whose number may or may not correspond with that of the 
ambulacrals. Between the adambulacral series of adjacent 
arms a series of plates may be interposed upon the oral sur- 
face of the disk, and to these the name of interambulacrals 
may be applied. 

Spines are very frequently borne by the plates or reticu- 
lum of the aboral surface, but are usually low and immova- 
ble, though upon the marginal and adambulacral plates they 
are very frequently longer, united to the plates by a rudi- 
mentary articular surface and supplied with muscle-fibres by 
which they can be moved. In addition to these appendages 
of the dermal skeleton, others are to be found in the Star- 
fishes, such, for example, as the ciliated spines found in a 
few forms, such as Luidia, upon the marginal plates. These 
spines are small and delicate, and grouped together, their 
principal peculiarity being that they are covered by an 
epithelium of high columnar cells which bear strong cilia. In 
most Starfish also peculiar structures termed pedicellarice are 
developed in connection with the skeleton, but their descrip- 
tion may be deferred until the Echinoids are under discus- 
sion, in which group they reach a high grade of develop- 
ment. Peculiar to certain genera of Starfishes, e.g. Luidia, 
are the pawille, found principally upon the aboral surface of 
the body. They consist of small columns of carbonate of 
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lime imbedded in the connective tissue, and bear upon their 
free extremity a number of radiating spines, which vary in 
the amount of movement of which they are capable in differ- 
ent species. The paxille are frequently found in groups 
around the dermal branchix, over which the spines may be 
bent so as to serve for protection. 

These dermal branchie (Fig. 254, 6) are pouchlike evagi- 
nations of the coelomic cavity with thin walls composed of 
ectoderm and a layer of ciliated cells continuous with the 
peritoneal lining of the cclom, between these two layers 
there being but a slight development of connective tissue and 


Fig. 254.—TRANSVERSE SECTION oF AnM oF A STARFISH (modified from 


Lupwie). 

A = ambulacral plate. ¢ = schizoceelic sinus. 
am = ampulla. mn = muscular nervous system. 
an = aboral nerve. WV = epithelial nervous system. 

B = adambulacral plate. o = ovum. 

6 = branchia. p = peritoneal epithelium. 

ce = digestive caecum, pl = calcareous plate. 

ec = ectoderm. rh = radial hydrocel-vessel. 


if = tube-foot. 


circular and longitudinal muscle-fibres. These pouches are 
scattered plentifully over the aboral surface, and in some 
forms occur upon the oral surface also. Their thin walls and 
the extent of surface they collectively represent leave little 
room for doubt but that they possess respiratory functions, 
though they may also serve indirectly in excretion, since it has 
been asserted that the amoeboid cells of the coelomic hssmo- 
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lymph, laden with excretory particles, migrate to the exterior 
through the walls of the branchie. 

The calcareous plates are imbedded in a connective tissue 
usually of considerable thickness and sometimes of a high 
degree of consistency. Upon its inner side are to be found 
circular and longitudinal bands of muscles, especially devel- 
oped in the arms, which are capable of considerable move- 
ment. 

The general ccelom is traversed by mesenteries extending 
from the body-wall to the digestive tract, which do not require, 

however, a detailed description. Suffice it to say that each 
radial execum of the digestive tract which extends out into the 
arm is suspended by two longitudinal mesenteries (Fig. 254) 
which, with the body-wall and cecum, enclose a canal open- 
ing proximally into the general celom. Extending vertically 
through the celom in the interradius CD is a cavity with 
strong walls which is in communication with the exterior by 
the madreporiform tubercle and is the axial sinus. This is a 
portion of the ccelom which is early separated from the rest, 
and in the embryo opens to the exterior by the water-pore, 
the stone-canal opening into it. In the adult the cavity of the 
sinus is fairly spacious and contains the ovoid gland sus- 
pended to its walls by a mesentery. Prolongations of the 
sinus accompany the genital rachis and, enclosing the repro- 
ductive organs, form the genital sinuses. 

The schizoccelic system consists of an oral ring lying 
between the nervous and water vascular rings, and of five 
radial vessels which pass out from this along the axes of the 
arms. The oral ring is divided by an oblique septum into two 
portions, one of which lies upon the aboral surface of the 
other, and enters into connection with the axial sinus, the 
ovoid gland abutting upon the septum in one of the interradii. 
The oral sinus also communicates with the ccelom by five 
interradial orifices. The radial sinuses are divided into two 
cavities by a median longitudinal septum, and, like the oral 
sinus, communicate with the celom. A lacunar system, such 
as occurs in the Crinoids, is not developed in the Asteroidea, 
though certain spaces in the wall of the ovoid gland and its 
prolongations are perhaps representatives of it. The ovoid 
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gland is formed of loose connective-tissue trabecul, which 
are covered by cells frequently found in active division, and 
are supposed to become the ameeboid corpuscles of the coelom 
and blood system. 

The hydroccel consists as usual of an oral ring and five 
radial canals, the latter lying at the bottom of the ambulacral 
grooves and therefore external to the ambulacral plates (Fig. 
254, rh). Between each pair of plates a branch passes upwards 
(i.e., aborally), and dilates into a globular sac, the ampulla 
(Figs. 254 and 255, am), which is occasionally double, and from 
this a cylindrical tentaclelike process passes outwards again 
between two plates forming extensible processes (Fig. 254, tb) 
equivalent to the tentacles of the Crinoids. These processes 
in some of the more primitive forms, such as Luidia and 
Astropecten, and the terminal ones at the extremity of the arms 
of all forms, are conical in shape, but more usually the great 
majority of them are provided at their extremities with suck- 
ing disks, whereby they can adhere to foreign bodies and serve 
thus as locomotor organs. Hence they are known as the 
tube-feet or ambulacra. In some forms they are arranged in 
two rows, one on each side of the axis of the arm, but in 
others, as for example the common Starfish Asterias, the suc- 
cessive feet of each row alternate with each other, so that they 
have the appearance of being arranged in four rows. By 
means of the muscles of the wall of the ampulle water can be 
forced into the tube-feet, which may be thus extended, a 
circular valve occurring in the branch which passes from the 
radial canal to the ampulla preventing the water from passing 
back into the canal. Contrary to what occurs in the Crinoids, 
there are several appendages to the oral ring, in addition to 
the stone-canal. This leaves the ring in the interradius CD 
and, passing aborally, communicates with the axial sinus which, 
as already stated, opens to the exterior by the madreporite. 
This is a complicated calcareous sieve-plate of some thickness, 
and the union of the canal and the sinus takes place within 
its substance, so that in reality the canal seems to open to 
the exterior. The embryonic history, and the fact that injec- 
tions forced through the tubercle pass into both the sinus and 
the canal, show that what has been described is the true 
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relationship. In the walls of the stone-canal calcareous. 
matter is deposited, whence the name applied to it, and its 
walls form projections extending into the lumen of the canal, 
the surface for the ciliated epithelium being thus increased. 

The appendages of the oral ring are of two kinds, both 
being situated in the interradii, that containing the stone-canal, 
however, usually lacking any other appendage. In some 
forms hollow saclike structures open into the ring by a 
narrow neck, and are termed the Polian vesicles; their walls 
consist of connective tissue in which are situated muscle- 
fibres, and their interior is lined by an epithelium which 
appears to separate and give rise to the amceboid cells of the 
hydroccel fluid. The other kind of appendages occur generally 
throughout the group and are known as Tiedeman’s vesicles, 
consisting of masses of hollow tubes arranged in pairs in one 
or more of the interradii. The epithelium lining the walls of 
these structures also seems to give rise to the ameeboid cells, 
both kinds of organs being therefore comparable to lymphatic 
glands, though the Polian vesicles have also been regarded as 
reservoirs for the hydroceel fluid. 

The mouth is situated at the centre of the oral surface of 
the disk, and opens into a short cesophagus which, in some 
forms, has connected with it ten glandular pouches. The 
cesophagus opens into a usually capacious cardiac stomach 
which is frequently lobed (Fig. 255, c), is eversible and pro- 
vided with special muscles for its retraction. Above this 
comes the pyloric stomach which gives rise to five radial 
pouches, which soon branch into a pair of sacculated pouches 
extending out into the arms, and being termed the radial 
ceca (1). From the pyloric stomach a short rectum passes 
aborally, interradial ceca being sometimes found close to its 
origin from the pyloric stomach, and opens upon the dorsal 
surface. In afew forms, such as Luidia, Astropecten, and their 
allies, the anus is wanting, but more usually it is present in 
the region indicated. 

The epithelial nervous system consists of a plexus of 
ganglion-cells and fibres imbedded in the ectoderm and cover- 
ing the surface of the body, and of an oral ring and five radial 
nerves (Fig. 254, WV) which, as in the Crinoids, are situated in 
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the lower layers of the ectoderm. Upon the aboral surface 
of the oral ring and the radial nerves sections show distinct 
bands of fibres separated from the ring and nerves by a 
delicate layer of connective tissue ; these constitute the mus- 
cular system of nerves (Fig. 254, mn), and their branches 
appear to be supplied to the muscles of the body-wall and of 
the ampulle and tube-feet. The aboral system is but feebly 
developed when compared with that of the Crinoids. A trans- 
verse section of an arm shows lying between the muscles of 
the aboral surface and the peritoneal mesoderm a cord of 


Fie. 255.—A Srarrisu, Asteracanthion, WITH THE INTEGUMENT OF THE DISK 
AND RAYS REMOVED TO SHOW THE INTERNAL STRUCTURE. 


@ = anus. g = reproductive organ. 
am = ampulle of tube-feet. ¢ = liver ceca. 
ao = ambulacral ossicles. M = madreporite. 

e = cardiac pouch of stomach, A-E = the five radii. 


nerve-fibres (Fig. 254, an), the five cords converging towards 
the centre of the aboral surface of the body, the entire system 
forming thus a five-rayed star. In position and general rela- 
tions this system of nerve-cords is directly comparable to the 
aboral system of the Crinoids, and may be regarded as 
homologous with it. 

Special sense-organs are represented by the terminal ten- 
tacles of the radial hydroceel canals, which, as already stated, 
retain a tentacle-like form and do not develop suckers at the 

- extremity. Their walls are richly supplied with nerves, and 
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they are surrounded and may be covered in by the movable 
spines of the adambulacral and marginal plates. That they 
have a sensory function seems clear, but what the exact 
nature of the function may be is as yet uncertain. At the 
base of the terminal tentacle of each arm is situated an eye, 
consisting of a large number of conical depressions, lined by 
an epithelium containiug a red pigment, covered on the out- 
side by a cuticle and richly supplied with nerve-filrils. There 
do not seem to be present any refractive structures other than 
the cuticle, and these eyes can only convey to the animal im- 
pressions of changes in the intensity of the light falling upon 
them ; they cannot form images of external objects. 

The reproductive orgaus are ten in number, two being 
situated in each arm (Fig. 255, g). Each consists of a mass 
of reproductive cells, and is enclosed in a genital sinus (Fig. 
254, 1), which, as already stated, communicates with the axial 
sinus. The proximal end of each gland is connected with a 
cordlike structure, the genital cord or rachis, the ten cords 
uniting in a ring situated beneath the aboral surface of the 
body, a cord passing orally from this ring to unite with the 
tissue of the ovoid gland. The genital sinuses accompany the 
cords, enclose the ring, and pass to the axial sinus along with 
the descending cord. A connection therefore exists between 
the reproductive organs and the ovoid gland, just as in the 
Crinoids, and indeed the reproductive organs arise in the 
embryo from an outgrowth of the ovoid gland. In reality the 
genital cords are tubes containing in their interior immature 
reproductive cells which seem to migrate from the ovoid gland 
to the reproductive organs where they become mature. The 
reproductive openings are usually placed upon the aboral 
surface (Asterina forming an exception) of the arms or disk in 
the interradii ; a single pore usually exists for each gland, 
and occasionally there may be several. 


Development of the Asteroidea.—The larval forms of the Starfishes are 
known as the Bipinnaria and Brachiolaria. The former has a somewhat 
triangular shape, the apex of the triangle being the anterior extremity, 
and in the middle of the ventral surface is a deep concavity in which the 
mouth opens. The posterior border of the concavity is formed by a band 
of cilia which is continued around the lobed sides of the body to the an- 
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terior extremity, forming a postoral ciliated band, the anus lying without 
the area enclosed by it. In front of the mouth is a trilobed region also 
surrounded by a band of cilia, the adoral band. In young embryos the 
adoral and postoral bands are united at the apex, separation only super- 
vening later. In later stages two additional arms are developed at the 
sides of the apical lobe, which becomes like the new arms destitute of cilia, 
and tipped with a group of wartlike elevations. This form of the larva is 
known as the Brachiolaria. 

A peculiar process, amounting almost to a metamorphosis, occurs during 
the transformation of the larva into the Starfish. Calcareous plates of the 
aboral system make their appearance on the dorsal surface of the stomach 


an 


Fic. 256.—Brprnnaria oF Asteracanthion (after Acasstz). 
an = anus. hy = lydrocel. m = mouth. 


near the posterior end of the body, and oral plates on the ventral surface 
of the same organ. These two systems, at first rather widely separated, 
gradually approach each other, and at the same time the internal organs 
assume the adult form. Finally the two series of plates unite, enclosing 
between them the hydrocel, a portion of the digestive tract and of the cce- 
lom. The original mouth and anus are obliterated, and indeed the anter- 
ior half of the larva takes no part in the formation of the adult animal, 
but is gradually absorbed. 

A highly-developed faculty for regeneration occurs in the Asteroidea, 
the disk being able to regenerate lost arms ; and indeed an arm, with which 
a small fragment of the disk is in connection, has the power of regenerat- 
ing all the missing parts. Specimens of the common Starfish Asterias are 
in consequence frequently found with one or more of the arms bifid at the 
tip, or even with an abnormal number of arms. 
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III. Cuass OPHIUROIDEA. 


The Ophiuroidea, or Brittle-stars, resemble the starfishes 
closely in their general form, consisting of a central disk from 
which five arms radiate (Fig. 257). The arms, however, are 
in all cases slender and distinctly marked off from the disk, 
and in Astrophyton branch dichotomously. Closer examina- 
tion reveals, however, considerable differences from the Star- 
fishes ; there is no anus, the madreporite is on the oral sur- 


Fig. 257.—Ophioglypha aculeatu FROM THE ABORAL SURFACE TO SHOW THE 
Persistent APICAL SYSTEM OF PLATES. 
(The arms are cut off close to the disk). 
= centrodorsal plate. = basals. 
= under basals. 4 = radials. 


nore 


face, there are no visible ambulacral grooves on the arms, 
which are more or less circular in section and do not con- 
tain cecal processes of the digestive tract. Furthermore, on 
each side of each of the five radii there is upon the edge of 
the oral surface of the disk a slitlike opening, divided into 
two parts in Ophioderma, and leading into a thin-walled cili- 
ated sac, which is to be regarded as an invagination of the 
wall of the body. There are thus ten of these genital bursce 
as they are termed, two being situated in each interradius. 
They seem to have a respiratory function, and serve also for 
the exit of the reproductive elements, in some forms, e.g, Am- 
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phiura squamata, even serving as brood-pouches in which the 
young develop. 

The ectoderm is indistinguishable over the greater portion 
of the body in the adults, becoming, as in the Crinoids, con- 
founded with the mesoderm. Calcareous plates are largely 
developed in this tissue (except in Ophiomyxa and its allies), 
giving to the disk and arms a brittleness which has suggested 
the popular name for the group. The extent to which the 
apical system of plates is distinguishable in the adults varies 
considerably even in members of the same group, and while 
in some forms (Fig. 257) all the plates represented in the 
Starfish Zoroaster can be distinguished, in others ouly the 
radials or the basals or both are visible. At the tip of each 
arm is a plate comparable to the terminal of the Aste- 
roidea, and in addition there are frequently present series of 
interradials or interbrachials, the most aboral plates of 
which separate the radials from each other and extend round 
to the oral surface, abutting on five large plates known as the 
buccal shields and corresponding to the orals of other forms. 
On the aboral surface of the disk above the origin of each arm 
there is a pair of plates termed the radial shields, which 
must not, however, be confused with the radial plates extend- 
ing along the aboral surfaces of the arms. 

These latter form a complete series extending from the 
disk to the terminal plates, and form the aboral wall of the 
arms, their lateral walls being formed by another series of 
plates, the adambulacrals (Fig. 258, Ad), while still another 
series, the superambulacrals, form their oral walls. Between 
each adambulacral plate and its successor is a pore (usually 
bounded by a number of small plates) through which the 
tube-feet are protruded, the radial water-vascular canals being 
situated in the interior of the arm. The cavity of the arms 
is occupied almost entirely by a linear series of calcareous 
masses termed the vertebral or ambulacral ossicles (Figs. 258 
and 260, A), each of which consists of two halves, usually 
firmly united by suture. The ossicles are united by well-de- 
veloped articular surfaces, and have attached to them muscles, 
whereby a considerable amount of motion is possible for the 
arms as a whole, the motion being almost entirely in a hori- 
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zontal plane, except in Astrophyton and its allies, in which 
the arms may be coiled up over the oral surface, in a manner 
similar to what is found in the Crinoids. These ambulacral 
ossicles seem to correspond with the similarly-named plates 
of the Asteroidea. 

In the neighborhood of the mouth certain modifications 
in the arrangement of some of these plates occur. The two 
halves of each first ambulacral ossicle (Fig. 258, 4,) are widely 
separated, and come into close relation with the similarly- 
separated ossicles of adjacent radii, forming a buccal shield. 
The plate so formed rests upon the aboral surface of the first 
adambulacrals (Ad,), which unite in pairs in a similar manner, 
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Fig. 258.—DiIAGRAM TO SHOW THE ARRANGEMENT OF THE CIRCUMORAL 
PLATES OF AN OPHIURAN (after Lupwia). 


A = ambulacral plates. p = pala angularis. 
Ad = adambulacrals. T = torus. 
I = interradial. t = oral tentacles. 


wr = radial hydroccel-vessel. 


forming a triangular plate, termed an oral angle-piece, lying in 
an interradius, and partly covered on its oral surface by a 
buccal shield. At the sides of the buccal shield are the so- 
called lateral buccal shields (Ad,), which are in reality the 
second adambulacrals of adjacent arms, and cover in the 
second ambulacrals (A,), which serve as supports for the 
oral angle-piece. Along the margins of the oral surface of 
this are a series of spines, the buccal papillce, while, at the apex 
of the triangle, are the dental papille. The vertical edge of 
the piece is furnished with a number of stout projections, the 


564 INVERTEBRATE MORPHOLOGY. 


pale angulares (Fig. 260, p), whose bases generally fuse to 
form a supporting plate, the torus angularis (T). 

Spines developed in connection with the dermal skeleton, 
leaving out of consideration the oral angle-pieces, may be en- 
tirely wanting, but in many forms they are borne in vertical 
rows upon the adambulacrals, and are usually movable. In 
afew forms, especially those inhabiting rocky bottoms, pe- 
culiar hooked spines are situated on the oral surface of the 
arms towards their extremities, and seem to serve an adhe- 
sive function. Pedicellariv are absent, except in Astrophyton 
and allied genera. 

The ccelom (Fig. 260, c) is of comparatively slight extent, 
the cavity of the disk being largely occupied by the digestive 
tract, and that of the arms by the ambulacral ossicles. In the 
disk the cavity is traversed by numerous bands which ex- 
tend from the body-wall to the wall of the digestive sac, 
and from the wall of the cesophagus a membrane extends 
outwards and orally to be attached to the peribuccal plates, 
forming a septum (Fig. 260, s), enclosing a cavity surround- 
ing the cesophagus, the peripharyngeal space (ps), which is 
completely separated from the rest of the celom. In Ophio- 
thrix and some other forms a second septum occurs parallel 
to the one just mentioned, so that the peripharyngeal space 
is double. The ccelom of the arms consists of two portions, 
one lying on the aboral and the other on the oral side of the 
series of ambulacral ossicles. The aboral cavity is expanded 
laterally so as to partially surround the ossicles, but this lat- 
eral portion is traversed opposite each ossicle by a calcareous 
lamella, and is thus separated into a series of chambers 
which open into the undivided aboral portion, termed the 
aboral or dorsal canal. An axial sinus, standing in close re- 
lationship to the ovoid gland, exists, but presents some fea- 
tures not found in the Asteroidea. It consists in -lmphiura 
squamata (Fig. 259) of three distinct portions completely sep- 
arated from one another; one of these is the so-called am- 
pulla (am) of the stone-canal; the second (s) lies in close 
relation to the ovoid gland, which is developed on its axial 
wall; while the third is comparatively small, and is associated 
with the genital cords (gr), and the mass of cells in the ovoid 
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gland from which these arise. These two last cavities are 
said to be portions of the general ccelom which become sepa- 
rated off during development, and are not simple extensions 
of that portion of the coelom into which the stone-canal opens 
in the embryo, and which persists as the ampulla. 


Fig, 259.—DIaAGRAM SHOWING THE RELATIONSHIPS OF THE STONE-CANAL, 
AxiAL SINUS, EYC., IN Amphiura squamata (after MacBripe). 


am = ampulla of stone-canal. WV = ring-nerve. 
G == genital bursa. o = ovoid gland. 
gr = origin of genital rachis. pe = pore-canal. 
M = mouth. ps = peripbaryngeal space. 
mp = madreporite. s = sinus. 
mu = muscle. se = stone-canal. 


These differences from what occurs in the Asteroidea do not imply, 
however, a want of homology between the axial sinuses of the two groups. 
The entire sinus is after all a separated portion of the ccelom, and it 
makes little difference whether it be all separated off at an early stage 
in the development, as in the Asteroidea, or only a part of it, the rest de- 
veloping later from the general ccelom as in the Ophiuroidea and Crinoidea, 
the dorsal organ of the latter being homologous with the axial sinus 
minus the ampulla of the stone-canal of the Ophiuroidea and Asteroidea. 


Lying on the aboral surface of each radial nerve-cord is 
a radial schizoccelic sinus (Fig. 260,-br), which communicates 
with an oral sinus surrounding the mouth. The relations of 
this system are similar to those of the schizoceelic system of 
the Asteroidea, and numerous communications between it 
and the coelomic cavities occur. It contains, however, a 
system of canals, which correspond to the lacunx occurring 
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in the walls of the cesophagus in the Crinoids. They have 
been termed blood-vessels in the Ophiuroidea, the sinuses 
which surround them being termed the perihemal canals; 
they follow the course of these latter, a process of the ovoid 
gland coming into connection with the oral lacunar ring. 
This gland (Fig. 259, 0) is, as in other groups, partly asso- 
ciated with the lacunar system and partly with the genital 
apparatus. It les in the wall of the axial sinus and projects 
into it so as almost to fill it. At one extremity, as stated, it 
comes into connection with the oral lacunar ring, and at one 
point in its wall it contains a mass of cells from which the 
genital cords pass out to the reproductive organs, accom- 
panied by strands of the lacunar tissue. 

The bhydroccel has the usual arrangement, and is confined 
to the oral surface of the disk and arms. The radial canals 
(Fig. 260, wr) lie on the oral surface of the ambulacral ossi- 
cles, extending to the terminal plate, and ending, at least in 
those forms which have simple arms, in a terminal tentacle. 
At regular intervals, corresponding in number to the ambu- 
lacral ossicles, the radial canals give off transverse branches, 
which pass outwards in the substance of the ossicles (Fig. 258), 
and make their exit through the ambulacral pores between 
successive adambulacral plates to terminate as tube-feet. No 
ampulle occur on these transverse branches, though a cireu- 
lar valve occurs just where each branch becomes continuous 
with the tube-foot. The feet are simple conical structures 
destitute of a terminal sucker, and do not therefore serve 
for locomotion. Their walls are richly supplied with nerves, 
and in some forms are provided with numerous papille ap- 
parently sensory in function. Surrounding the mouth are 
ten buccal tentacles (Fig. 260, bt), which correspond to the 
first two pairs of tube-feet of each radius of the Asteroids, 
but arise by fine branches, which later divide, and are 
directly connected with the oral ring-canal (Fig. 258, 2%). 
These seem to be undoubtedly sensory and perhaps olfactory 
in function. The oral ring-canal usually has attached to it 
in each interradius, except that in which the stone-canal lies, 
a single Polian vesicle (Fig. 260, PV), though in Ophiactis 
two, three, or even four vesicles may occur in each interra- 
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dius. The stone-canal, as has been noted, opens into a spe- 
cial portion of the celom, the ampulla of the stone-canal, 
and this again communicates with the exterior by a tube 
opening by a pore placed in the adults on the oral surface 
of the body in one of the buccal shields ; primitively the 
opening is situated on the aboral surface, only later migrat- 
ing to its final position. In Astrophyton, in which the buccal 
shields are wanting, the madreporiform tubercle occurs on 
the oral surface of the disk in one of the interradii, and in 
some species there may be five tubercles, one in each interra- 
dius, a multiplication of the pores and stone-canals occurring 
also in other genera, such as Amphiura and Ophiolepis. 


In consequence of the position of the pore or tubercle the position of 
the stone-canal in the Ophiuroidea is very different from that which it 
possesses in other groups. Whereas in these it passes aborally from the 
water vascular ring, in the Brittle-stars it hangs down from the ring 
towards the oral surface of the body. All those structures too, such as 
the axial sinus and the ovoid gland, which are usually associated with the 
canal, undergo a similar transformation of position, which is possible on 
account of the distance from the oral surface at which the water vascular 
ring is situated (see Fig. 259). 


The digestive tract is very simple. The mouth guarded 
by the oral angle-pieces opens into a short cesophagus (Fig. 
260, 0), which communicates with a capacious saclike stomach, 
slightly pouched out in each radius, but not extending into 
the cavities of the arms. There is no anus in any member 
of the group. 

The epithelial nervous system of the Ophiuroidea is asso- 
ciated with the general ectoderm in very young specimens, 
but later sinks into the cavity of the body by a process 
which may be compared to an invagination. Consequently 
a tube is formed lying within the body-wall on the oral sur- 
face of the body, the radial nerves (Fig. 260, nr) being 
situated in its aboral wall. This tube forms the epineurui 
sinus, and the cavity it encloses seems to be in reality a por- 
tion of the exterior, though it may be schizoccelic. The 
oral ring of the nervous system is not enclosed in an epi- 
neural canal, but remains in connection with the ectoderm 
at the lower extremity of the cesophagus, being pushed thus 
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aborally by the development of the oral angle-pieces. The 
radial nerves are, however, contained in the wall of the sinus, 
coming to the surface of the body at the tips of the arms, 
where they terminate by fusing with the general ectoderm. 
The muscular nervous system is, as in the Asteroidea, closely 
associated with the oral ring and radial nerves, lying on their 
aboral surface and separated from them only by a thin layer 
of connective tissue. The aboral system consists of a ring 
situated beneath the aboral surface of the body, from which 
branches pass off towards the reproductive organs. Indeed 
the entire system is intimately associated with the genital 


T tt 


Fig. 260.—SEcTiIoN THROUGH AN OPHIURAN SHOWING STRUCTURE (after 
Lupwie). 
A = ambulacral ossicles. O = mouth. 
br = schizoceelic sinus. p = pala angularis. 
bt = buccal tentacles. ps = peripharyngeal space. 
C = ceiom. PV = Polian vesicle. 
M = muscle. S = peripharyngeal septum 
nr = radial nerve. T = torus angularis. 


wr = hydroceel-vessel. 


cords, aud its course can be understood from a description 
of these structures. No special sense-organs other than the 
terminal and buccal tentacles and the tube-feet, already de- 
scribed, occur in the Ophiuroidea. 

As already stated, the genital cord arises from a group of 
cells in the wall of the ovoid gland (Fig. 259, gr) and passes 
in an interradius towards the aboral surface of the body, 
carrying with it a portion of the axial sinus, Arrived at this 
point the sinus and cord form rings, the aboral nerve-ring 
lying in the wall of the sinus, while the genital cord lies in its 
interior, attached to its wall by a lamella of connective tissue. 
From the genital-cord ring ten short branches are given off 
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which enlarge into ten saclike reproductive organs, lying 
in close contact with the walls of the genital burs. The 
ova and spermatozoa migrate from their point of origin in 
the ovoid gland along the genital cords, which also contain 
prolongations of the lacunar tissue of the gland, and mature 
in the reproductive pouches. During the spawning-time the 
lobes of the reproductive organs protrude into the burs, 
pushing before them the thin walls of these pouches, and the 
reproductive elements when mature burst through into the 
cavities of the burse, whence they make their way to the 
exterior, or else, as in Amphiura squamata, undergo their de- 
velopment in the pouches. 

From what has been said it may be seen that the genus 
Astrophyton and its allies differ in many respects from the 


Fie. 261.—PLureus Larva or Kehinarachnius parma (after FEwxss), 
@ = cesophagus. : m = mouth. 
e = rudiment of adult. s = calcareous skeleton. 
st = stomach. 

other Ophiuroids, having arms sometimes branched and 
capable of being curled in over the oral surface, possessing 
pedicellariz and lacking buccal shields, not to mention other 
peculiarities. Consequently the class Ophiuroidea may be 
regarded as consisting of two orders, the Euryaurpa, includ- 
ing Astrophyton, commonly known as the Basket-star, TZ'ri- 
chaster, in which the arms do not branch, and other similar 
forms, and the Opsiuripa, which includes the other genera, 
such as Ophiothrix, Ophioderma, Ophiolepis, Amphiura, etc. 
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Development of the Ophiuroidea —Except in a few cases, such as Am- 
phiura squamata, whose habits have already been referred to, the devel- 
opment of the young Ophiuran takes place outside the body of the parent 
in the surrounding water and a typical larval form occurs. This is known 
as the Pluteus (Fig. 261) and in its general form resembles the Bipinnaria 
of the Starfish. The ciliated band, however, does not divide into an 
adoral and a postoral portion, but remains continuous, and the lateral 
lobes become long armlike processes supported by a special skeleton, 
formed of calcareous rods developed in their interior. The mode of devel- 
opment of the young Ophiuran from this larva resembles closely that de-, 
scribed for the Asteroidea. 


Crass IV. ECHINOIDEA. 


The Echinoidea present greater differences in shape than 
are found in any of the other groups of Echinoderms, being 
more or less spherical, oval, discoid, pentagonal, or heart- 
shaped, but they are all characterized by the absence of arms, 
by the calcareous plates being immovably united (except in a 
few forms, such as .dsthenosoma, where their edges overlap 
and they are consequently movable) to form a firm test, and 
by a great development of movable spines upon the plates, 
whence the popular name of Sea-urchins usually applied to 
members of the group. The test is covered by ciliated ecto- 
derm, below which is a plexus of nerve-fibres and ganglion- 
cells which coordinate the movements of the spines, to whore 
bases muscle-fibres are attached. 

The test presents certain variations in the different forms, 
but there are also certain features which are to be considered 
typical for the group. The apical system of plates is usually 
well developed. A centrodorsal is present in the genus Sa- 
lenia, but in all other recent forms it is replaced by a series of 
small plates which constitute the periproct in the simpler 
forms, since in these they surround the anus. These plates 
are surrounded by a circle of five basals (Fig. 262, g), usually 
termed genitals on account of the reproductive ducts opening 
by a pore upon them. The five radials (0) are also repre- 
sented, alternating with the basals; and since the terminal 
tentacle of the radial hydroccel-canals protrudes through a 
pore situated upon them, and more especially since a pigment- 
spot, supposed to be an eye, lies frequently at the base of 
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this tentacle, these plates are usually known in this group 
as the oculars. Starting from each ocular and each genital, 
rows of plates pass outwards and downwards towards the 
mouth, the test being formed of twenty such rows extending 
in meridional lines from the aboral to the vicinity of the oral 
pole. The rows are grouped together in pairs, five of the pairs 
starting from the genital plates and the other five from the 
oculars ; and since a number of the plates in these latter rows 
are perforated for the emission of tube-feet, they are generally 
known as the ambulacral plates (Fig. 262, A), while those of 


_ Fig. 262.—FI@uRE SHOWING THE ARRANGEMENT OF THE APICAL SYSTEM OF 
PuLaTEs oF Strongylocentrotus. 


A = ambulacral areas. JI = interambulacral areas. 
an = anus. m = madreporite. 
g = genital plates. o = ocular plates. 


the intervening pairs are termed the interambulacrals (J). The 
pores for the tube-feet are almost always double, and are 
situated usually near that side of a plate which abuts upon 
the adjacent interambulacral; in some forms but a single 
pair of pores occurs on each plate, but more usually two or 
more pairs are found (Fig. 262)—an arrangement which indi- 
cates that such plates are formed by a fusion of several 
smaller ones, each of which is represented by one of the pairs 
of pores. 

In the more primitive forms one of the genital plates is 
transformed into the madreporiform tubercle (Fig. 262, m), 
but in others the limits of the tubercle may extend so as to 
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include all the plates of the apical system, and at the same 
time the anal opening may leave its position near the centre 
of the apical system and become situated in the interradius 4B, 
either at the margin of the flattened disklike test, or even on 
its oral surface. A marked bilaterality of form is thus de- 
veloped, which may become still more pronounced by a mi- 
gration of the mouth away from the ceutre of the oral surface 
along the line of the radius D, which at the same time be- 
comes more or less altered in size and form, and consequently 
dissimilar to the other radii (Fig. 263). In these cases it is 
possible to recognize in addi- 
tion to oral and aboral surfaces 
anterior and posterior poles 
and a right and left side, the 
median line of the body pass- 
ing in front through the radius 
D aud posteriorly through the 
interradius 4B. Three of the 
radii, C, D, and £, thus lie in 
the anterior half of the body, 
and for descriptive purposes 
these have been termed the 
trivium, while the two posterior 
Fie. 2638.—A Perarosricnous Ecut- Saaes, A and B, constitute the 
NOD, Brissopsis lyriferu, FROM bivium. 
THE ABORAL SURFACE WITH THE The mouth, which is usual- 
SPINES REMOVED (after A. Acassiz). ly situated in the centre of the 
sigs seve cra ce aboral surface, is surrounded by 
J = fasciole. 2 
an area, the peristome, which 
has imbedded in it only a few scattered calcareous plates and 
consequently possesses a somewhat leathery consistency. 
An oral system of plates cannot be distinguished in adult 
Echinoids. 


The marked bilateral symmetry referred to above as occurring in cer- 
tain Echinoids is undoubtedly a secondary condition, those forms in which 
the mouth is central and the anus approximately so, and whose bilaterality 
is indicated only by the madreporiform tubercle, being, there is every 
reason to believe, the most primitive. The bilaterality cannot be regarded 
as a reversion to the more primitive symmetry of the larva, since in the 
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latter the hydroccel-pore lies to the left of the median line, while in the 
bilateral Echinoids it is situated in the right anterior interradius. Nor 
can it be regarded as indicating a primitive adult symmetry, which, though 
usually disguised, exists in all the Echinoderms, since, as stated, the forms 
in which it is most pronounced are the most highly differentiated members 
of their group. It should be mentioned that in the less differentiated 
forms the radiality is disturbed by the arrangement of the plates bordering 
upon the peristome, as well as by the unpaired madreporiform tubercle. 
For if the rows of plates of each ambulacral region be indicated alternately 
aand b, proceeding contrary to the direction of the hands of a watch, so 
that the posterior interambulacral region is bordered by the plates Bu and 
Ab, then it will be found that the plates bordering the peristome in the 
rows Ab, Ba, Ca, Db, and Hu are large and usually pierced by a double 
pore, while those of the rows Aa, Bb, Cb, Da, and Hb are smaller and 
pierced usually by only one pore. This arrangement does not, however, 
necessarily point to any special plane of bilaterality, but is interesting on 
account of its constant occurrence in both the bilateral and the more radial 
forms, whence it furnishes a means of identifying the plane of bilaterality 
in the latter. 


Projecting inwards from the inner surface of the test in 
the neighborhood of the peristome are frequently to be found 
calcareous plate- or pillar-like processes termed auricule (Fig. 
265, au), which may either be confined to the interambulacral 
plates or occur also on the ambulacrals, uniting in some forms, 
such as Strongylocentrotus, in pairs, so as to form arches 
through which the radial hydroccel-canals and nerve-cords 
pass. In the flattened disklike forms, such as Echinarachnius, 
these pillars are much more ‘numerous, extending from the 
oral to the aboral surfaces of the test. Attached to the outer 
surface of the test are numerous spines, each of which is 
hollowed out at its base, the hollow fitting over the convexity 
of a tubercle upon the test. This ball-and-socket articulation 
allows of a free movement of the spines in any direction, a 
movement which is effected by muscles extending from the 
test to the base of each spine, and forming a sheath around 
its base. The spines thus serve as efficient organs of locomo- 
tion, usurping this function entirely in some forms, while in 
others they are aided by the tube-feet. They also in some 
forms serve as defensive structures, as in Diadema, where they 
are long and slender and readily penetrate the skin of less- 
protected animals, or in Asthenosoma, in which the larger 
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spines are somewhat enlarged towards the tip, the enlarge- 
ment containing a poison-gland whose secretion is injected 
into the wound produced by the spine. Pedicellariz, which 
have already been noted as occurring in the Asteroidea and 
the Euryalid Ophiuroidea, are richly developed in the Echi- 
noids, more especially in the neighborhood of the mouth and 
auus. They assume varying forms, in the typical one (Fig. 
264) being composed of a stalk surmounted by three calca- 
reous pieces or teeth, hinged upon the 
stalk, and capable of being divaricated and 
approximated by means of muscles. Each 
tooth bears cushionlike elevations which 
are tactile in function, so that the three 
teeth are vigorously approximated when 
touched by any foreign body. In some 
pedicellariz the teeth are very much re- 
duced in size, but in their place three 
mucous glands are developed, structures 
sometimes found also in association with 
well-developed teeth. The functions of the 
Fie. 264.—Pepicen- pedicellarise may be various; they may 
Lanta FRom Doro. gerve for the prehension of prey or for 
cidaris — papillata’ »yotection, and they have also been seen 
(after KOEHLER). « 
m = muscle-fibres, tO remove excreta from the surface of the 
test in the neighborhood of the anus. In 
the bilateral Echinoids a third form of spine is found, of 
small size and covered by a richly-ciliated epidermis. These 
clavule, as they are termed, are usually associated together 
in groups of considerable extent termed semites or fuscioles, 
occurring especially in the neighborhood of the plates per- 
forated for the emission of tube-feet (Fig. 263), and in the 
vicinity of the anus. The clavule have a rich supply of 
nerve-fibres, and are on this account supposed to be sen- 
sory in function, though they may also assist in renewing 
the water in the vicinity of the tube-feet, which probably 
assist to a greater or less extent in respiration. A fourth 
variety of appendage to the test is formed by the sphee- 
ridia, which consist of a stalk surmounted by an oval 
mass of carbonate of lime traversed in all directions by deli- 
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eate canals. These organs, which are usually quite small, 
are situated in the vicinity of the ambulacral pores or near 
the mouth, and are supposed to have a sensory, perhaps 
olfactory, function. 

Owing to the presence of the firm test the muscular system 


Fig. 265.—D1aGRAM SHOWING THE STRUCTURE OF AN ECHINOID. 


Al = Aristotle’s lantern. nr = epithelial nerve-ring. 
amp = ampulla. oc = ocular plate. 
an = aboral nerve-ring. og = ovoid gland. 
as = axial sinus. pa = perianal space. 
au = auricula. pp = periproctal space. 
br = external branchia. pph = peripharyngeal space. 
Co = celom. pv = Polian vesicle. 
G = reproductive organ. R = rectum. 
Gd = genital duct. rh = radial hydroccel-vessel. 
Gp = genital pore. rn = radial nerve. 
Gr = genital rachis. se = stone-canal. 
Ar = hydroceel-ring. st = siphon. 
I = esophagus. sp = spine. 
lr = lacunar ring. tf = tube-foot. 
M = madreporite. ; tt = terminal tentacie. 


is but feebly developed, being represented by the muscles 
attached to the spines, pedicellariz, etc., and by those which 
move the parts of the masticatory apparatus when it is 
present. : 

The ccelom (Fig. 265, Co) is comparatively spacious, though 
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traversed in some forms by the calcareous pillars already 
mentioned, as well as by a perforated mesentery extending 
from the inner surface of the test to the intestine and follow- 
ing the convolutions of the latter. In the bilateral Echinoids, 
which as a rule swallow large quantities of sand, the mesen- 
tery is much stronger than in other forms, and additional 
mesenterial bands are added to assist in the support of the 
intestine. As in the Ophinroids, a circular partition extends 
from the esophagus outwards to be inserted into the test in 
the neighborhood of the auricule, enclosing a peripharyngeal 
space (Fig. 265, pph), which has no communication with the 
rest of the cceelom, and contains the organs of mastication when 
these are present. In many forms the partition is pouched 
out into five radial diverticula which project into the general 
colom and are known as the organs of Stewart or as internal 
branchie. In those radial Echinoids in which these structures 
are absent, ten lobed diverticula of the floor of the peripharyn- 
geal space project upon the outside of the body at the margin 
of the peristome, a pair being situated in each interambula- 
cral region; these are termed external branchiz (or). At the 
aboral surface of the body in the radial forms a partition 
similar to that enclosing the peripharyngeal space is found, 
surrounding the terminal portion of the intestine and enclos- 
ing a subperiproctal cavity (pp), while within this occurs a 
second partition shutting off a perianal space (pa). Muscular 
fibres occur in these partitions, and it has been suggested that 
by contracting and thus compressing the fluid contained in 
the spaces they serve to close the lumen of the rectum and 
the anus. 

As regards the axial sinus (as) the Echinoids resemble the 
Asteroids and Ophiuroids in that the portion of the ecelom 
into which the larval stone-canal opeus persists in the adult 
and forms a pouch extending downwards towards the oral 
surface parallel to the stone-canal, the ovoid gland (og) devel- 
oping in its walls. Into the upper portion of it the adult 
stone-canal (sc) opens, and it communicates with the exterior 
through the madreporiform tubercle (7). 

The so-called blood-vessels are, as in the Ophiuroidea, 
portions of the lacunar system, and are contained in peri- 
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hemal canals, as the radial schizocelic sinuses have been 
termed in this group, as in the Ophiurids. These canals con- 
sist of five tubes lying between the radial lhydroccel-canals 
and the radial nerve-cords, and terminating blindly at their 
oral extremities by coming into contact with the peripharyn- 
geal partition ; they are not continued within the partition and 
there is no circumoral sinus. The lacunar system consists of 
five radial lacune, lying in the perihemal canals, penetrating 
into the peripharyngeal space, where they unite into a circular 
circumoral lacuna ([r), from which branches pass to the walls 
of the digestive tract and which is in connection with the 
lacune of the ovoid gland. This structure, as stated, lies in 
the wall of the axial sinus, and, as in other forms, stands in 
close relationship to the reproductive organs, its lacune being 
continued into the walls of the genital cords. 

The hydroccel has: the usual arrangement of a periceso- 
phageal circular canal (hr) from which five radial canals pass 
off (rh), each terminating in a tentacle (ft) perforating an 
ocular plate. From the pericesophageal ring the stone-canal 
(sc) passes aborally to open into the axial sinus close to the 
madreporiform tubercle, and in addition in the radial Echi- 
noids the ring has attached to it in each interradius a spongy 
structure which is usually termed a Polian vesicle (pv), 
though these structures in other groups are saclike. The 
tube-feet (tf) which perforate the ambulacral plates are in the 
majority of forms, and especially in the radial ones, very 
extensible and provided at the tip with a sucking-disk, and so 
assist the spines in locomotion. Two pores as a rule exist 
for each foot ; through one of these the branch issuing from 
the radial canal passes, and through the other a branch passes 
back from the foot into the interior of the body to terminate 
in a saclike ampulla. The feet, however, near the aboral 
surface are frequently branched and lack a sucker, serving a 
respiratory function rather than a locomotor, and in the 
bilateral Echinoids, in which frequently the tube-feet occur 
only on the aboral surface of the test, nearly all the feet may 
assume a tentaclelike or pinnate form and become respiratory. 

The digestive tract in all those forms in which the mouth 
occupies the centre of the oral surface is provided with a 
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pharynx surrounded by a complicated calcareous masticatory 
apparatus usually termed Aristotle's lantern (Fig. 265, Al, and 
Fig. 266). When most highly developed it has the form of a 
pentagonal pyramid, whose apex is directed towards the 
mouth and consists of five similar portions united together. 
Each portion contains an elongated ribbonlike tooth (Fig. 
266, t) lying in an interradius and projecting slightly beyond 
the lips of the mouth, though for the greater portion of its 

é length imbedded in a calcareous 
socket or alveolus (a) composed of 
, a right and a left half united above 
Pill, by epiphyses (e). Between each 
pair of alveoli, at their basal ends 
is another calcareous piece termed 
a radius, and below each of these, 
i.e. on its oral surfaces, lies another 
piece, the radula (7). Muscles pass 


Wis f to this complicated apparatus from 
: the auricule and from one piece to 
Fig. 266.— ARiIsToTLE’s Lan- : 4 ‘ 
sandie wena Auieery the other, producing approximation 
a = alveolus. and divarication of the projecting 
e = epiphysis. tips of the teeth. The presence 
7 = radula. 


of this apparatus brings it about 
that the circumoral hydrocel and 
lacunar rings are forced back some distance from the mouth, 
surrounding the cesophagus just where it leaves the lantern. 
It seems well accordingly to speak of these rings as being 
periesophageal rather than circumoral. 

On leaving the lantern the digestive tract, starting in the 
interradius D£, passes around the coelomic cavity in the direc- 
tion of the hands of a watch, until it reaches the interradius 
CD, when it bends abruptly on itself and, on another plane, 
nearer the aboral surface, retraces its course almost to its 
point of starting, whence it passes to the anus. The portion 
of the intestine immediately succeeding the pharynx is termed 
the esophagus and is succeeded by a slightly wider intestine, 
the junction of the two parts being in some forms further 
indicated by the occurrence at that point of a large eceecum. 
As a rule, however, appendages to the digestive tract are rare, 


¢ = tooth. 
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the only one occurring with any marked degree of constancy 
being the siphon (Fig. 265, st), a tube which arises from the 
cesophagus and runs, closely applied to the intestine, to oper 
again into it at the extremity of the oral coil. The function of 
this structure appears to be respiratory, but it is to be noted 
that it is wanting in all the members of one of the orders (the 
Clypeastroidea) into which the group may be divided. 

The epithelial nervous system has the usual arrangement 
consisting of a pericesophageal ring (Fig. 265, m7”) and five 
radial cords (rn). As in the Ophiuroidea, these latter struc- 
tures have withdrawn themselves from the ectoderm and sunk 
within the body-cavity, and accordingly there is to be found 
an epineural sinus lying below the nerve-cords. Below the 
nerve-ring, however, no sinus is to be found, and it seems 
possible that it may have fused with the peripharyngeal space. 
The extremity of each radial cord fuses with the ectoderm in 
passing through the pore in the ocular plate, and is distrib- 
uted to the walls of the terminal tentacle. A muscular 
nervous system is present, consisting of five masses lying on 
the aboral surface of the radial nerve-cords just where they 
join the ring, and apparently having no direct connection 
with each other ; they send fibres to the muscles of the mas- 
ticatory apparatus, and are said to be wanting in those forms 
which lack this organ. The visceral system consists of a 
ring (an) lying near the margin of the. subperiproctal cavity 
and imbedded in its wall. From the ring five branches arise 
which pass to the walls of the ducts of the reproductive 
organs. 

Sense-organs of various kinds have already been referred 
to, such as the terminal tentacles of the hydroccel canals, the 
fascioles, and the spheridia. In addition to these, pigment- 
spots occurring on the ocular plates have been regarded as 
eyes, and somewhat complicated structures of a bright blue 
color which oceur abundantly over the surface of the test in 
a species of Diudema have also been regarded as light-percip- 
ient organs. 

As in other forms, the reproductive system consists of the 
genital cords and the reproductive organs. The former have 
their origin from a single cord, which is a hollow tube lined 
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internally by immature germ-cells and is connected at its oral 
extremity with the ovoid gland. It passes thence to the 
aboral surface of the body, where it forms a ring (Fig. 266, gr) 
from which in each interradius a branch passes outwards to 
expand into a highly racemose sac, the reproductive organ 
(G). In some forms the number of the organs may be re- 
duced to four or even to two, though five is to be regarded as 
the typical number. Each organ opens to the exterior by a 
special duct (Gd), usually opening on a genital plate, but 
‘sometimes in an interradius outside the genital plates. 

As already noted, there is considerable variety in the rela- 
tive positions occupied by the mouth and anus, and many 
differences of structure are associated with these variations. 
It is possible, in fact, to divide the Echinoidea into three 
orders, which are marked out by the positions of the openings 
of the digestive tract. 


1. Order Desmosticha. 


In these forms the mouth occupies the centre of the oral 
surface, and the anus approximately that of the aboral sur- 
face, the radial symmetry usual among Echinoderms being 
well marked. The body is usually more or less spherical in 
form, though occasionally somewhat flattened ; all the ambu- 
lacral plates are perforated for the emission of tube-feet, and 
all five ambulacral areas are equally developed (Fig. 262). In 
the members of this order, consequently, the bilaterality is 
marked externally only by the position of the madreporiform 
tubercle. 

The primary ambulacral plates frequently fuse to form 
secondary plates each of which is perforated by several pairs 
of pores, aS Many as Six occurring on some plates in Strongy- 
locentrotus. The spines are sometimes exceedingly long, as 
in Diadema, and are usually well developed, being in Arbacia 
equal in length to about half the diameter of the body. The 
auricule are the only representatives of the calcareous plates 
or bars which extend from the oral to the aboral surface, and 
an Aristotle’s lantern is always well developed, its alveoli 
being much longer than broad. In this order external branchiz 
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are generally present, the genus Cidaris and its allies alone 
lacking them and possessing Stewart’s organs. It is custom- 
ary, therefore, to divide the order into two sub-groups: the 
Enroprancuiata, including the Cidaride, and the EcropraNncut- 
ATA, including all other forms, such as Strongylocentrotus and 
Arbacia, 


2. Order Clypeastroidea. 


In this order, named from one of the genera contained in 

it, the mouth still occupies the centre of the oral pole, but the 
anus is situated in the interradius AB, either at the margin 
of the flattened test, as in Achinarachnius (Fig. 267), or on its 
oral surface, as in Mellita. In ——— 
Clypeaster the body is but slightly 
flattened, but in the two other 
genera already mentioned the 
flattening is carried to such an 
extent that the test has a more 
or less disklike shape, whence 
the term Sand-dollars applied to 
certain forms. 

In accordance with the shift- 
ing of the anus from the centre 
of the apical system certain 


ONES 
Fie. 267.—A CLyprastrorp Ecut- 
; Z norp, Echinarachnius parma, 
changes take place in it, the From rue AxzoraL SuRFACE 


most marked being an extension W!TH THE SPINES FoR THE MOST 


: PART REMOVED (after A. A 5. 
of the madreporiform tubercle eres toe 


until it includes all the genital and ocular plates, the genital 
pores being forced outwards so as to lie on one of the inter- 
ambulacral plates, and in some cases the pore of the posterior 
interradius 4B and the corresponding reproductive organ is 
wanting (Hchinarachnius). The perforated ambulacral plates 
are as a rule confined to the apical portion of the aboral 
surface, the plates near the margin of the test and those upon 
the oral surface being imperforate. The perforated plates 
are of course very narrow at the apical end of the series, and 
gradually enlarge as they pass towards the edge of the test, 
giving thus the appearance of five flower-petals, and hence 
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the ambulacra or areas occupied by perforated plates are 
termed petaloid. In Echinarachnius, for instance, the plates 
after having reached their greatest width retain it to their 
abrupt termination (Fig. 267), the petals being then termed 
open, but in other forms, e.g. Mfellita, they contract again 
peripherally, in which case the ambulacra are said to be 
closed. 

The pores belonging to each pair are generally united by 
' @ groove, and are termed yoked pores, and in WMellita, for 
example, in addition to the pair of yoked pores on each plate 
there is a third one situated near the middle line of the am- 
bulacrum. The tube-feet which project from the yoked pores 
are frequently pinnate in form, while those emitted through 
the single pores are simple and tentaclelike. The spines are 
generally very small, though those of the oral surface serve 
for locomotion. 

In Mellita, towards the periphery of the test, the imper- 
forate ambulacral plates of the radii A, B, C, and Edo not 
meet, leaving elongated holes passing through the test, and 
the same thing also occurs with the plates in the interradius 
AB, so that altogether five such holes exist. In other forms, 
instead of holes, notches occur at the margin of the test, and 
other interambulacra than that in which the hole occurs in 
Mellita may be affected. Calcareous columns extend from the 
oral to the aboral surfaces of the test, being especially abun- 
dant towards the periphery, and calcareous plates uniting the 
two surfaces occur on either side of each ambulacrum. Aun 
Aristotle’s lantern is present, but the alveoli are usually 
broader than long. 


3. Order Petalosticha. 


In this order, as its name indicates, the ambulacra are 
usually petaloid, and the bilaterality indicated in the Clypeas- 
troids is more pronounced, since neither the mouth nor the 
anus retains its original position at the centre of the oral or 
apical surface. The anus lies in the posterior interradius 
AB, while the mouth has moved forwards to a greater or less 
extent along the radius PD. The test is oval or, frequently, 
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somewhat heart-shaped, owing to the anterior radius D being 
more or less depressed so as to form a groove (Fig. 263). 

The madreporiform tubercle extends usually through the 
centre of the apical system into the posterior interradius, 
thus dividing the apical system. The posterior genital pore 
is obliterated in all members of the order, and the reproduc- 
tive gland corresponding to it disappears, so that but four 
reproductive organs and pores are present (Spatangus). In 
some forms, however, the reduction of the reproductive organs 
and pores is carried still further by their disappearance in the 
right anterior interradius CJ), and those of the left auterior 
interradius DE’ may also disappear, the genital plate becom- 
ing part of the madreporiform tubercle, so that the number of 
reproductive organs and genital pores may be reduced to two 
(Moira). The ambulacra are usually dissimilar, especially in 
heart-shaped forms, in which the anterior ambulacrum be- 
comes much modified. Fascioles are generally present, ar- 
ranged in different manners in different species, in some sur- 
rounding the ambulacra, in others forming a ring in the vicinity 
of the anus, and in others arranged in numerous patches or 
lines. Spines are abundantly present and are usually of a 
moderate length. The mouth is bounded behind by a well- 
marked lip or labrum, produced by the extension forwards 
below the mouth-opening of the plates of the posterior inter- 
ambulacrum AB. There is no Aristotle’s lantern in the 
Petalosticha. 


Development of the Echinoidea.—The development is in its general 
features very similar to that of the Ophiuroids, the free-swimming larve 
having a closely-similar form and being known by the same name. The 
Echinoid Pluteus (Fig. 261) may, however, in some cases be distinguished 
by the occurrence of two (Arbacia) or three (Spatangus) processes upon 
the posterior portion of the body, which are wanting in the Ophiurid larve; 
and furthermore in some Echinoid Plutei (Arbacia) two earlike lobes fringed 
with cilia occur upon the sides of the posterior portion of the body and 
are known as ciliated epaulettes. The young Sea-urchin develops in the 
posterior portion of the body of the larva as in other forms, the armlike 
processes and the przoral lobe of the larval body being gradually resorbed. 

The relationships of the various groups have already been referred to 
and need not be again discussed here, except to repeat the statement that 
the evidence at our disposal indicates that the Desmosticha are the most 
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primitive, while the Clypeastroidea and Petalosticha are secondarily-de- 
rived forms. The bilaterality of these latter forms is not to be regarded, 
therefore, as having any phylogenetic significance. 


Cuass V. HOLOTHUROIDEA. 


The Holothurians (Fig. 268) are characterized so far as 
their form is concerned by being elongated in the oral-aboral 
axis, having thus a somewhat wormlike form, the mouth be- 
ing at or near one extremity and the anus at the other, except 
in the genus Rhopalodina, in which the two openings are ap- 
proximated. As a rule the body is cylindrical, but in some 

; forms, such as Psolus and the /lasipoda, 
there is a well-marked flattened ventral 
surface. Three of the radial hydrocel- 
canals lie upon this ventral surface, the 
other two being dorsal, and it is usual to 
apply the term trivium to the ventral radii 
and bivium to the dorsal. It must be 
recognized, however, that this use of the 
terms does not imply a homology with 
the radii similarly named in the Echin- 
oidea, since in the latter the radii C, D, 
and # constitute the trivium, whereas in 
the Holothurians it is the radii A, B, 
and & 

The mouth is surrounded by a circle 
of tentacles varying in number from ten 
ee to thirty. ‘There are at first five primary 

itd, 4 Henoemnncans tentacles, interradial in position, which 

are formed in connection with five cecal 

outgrowths of the hydroccel-ring, and the tentacles subse- 

quently formed receive branches from the five primary cca. 

In shape the tentacles vary considerably, being cylindrical 

in some forms, arborescent or pinnate in others (Fig. 268), 
and in others peltate, and in some forms they are retractile. 

The exterior of the body is usually covered by an epithe- 
lium over which a cuticle may be developed, but in some 
forms the ectodermal cells sink into and become fused with 
the subjacent connective tissue. The calcareous skeleton is 


’ 
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but feebly developed in the Holothurians, the body-walls 
having as a rule a somewhat leathery consistency, though in 
Elpidia interlocking spicules, and in Deima and Psolus closely- 
approximated or overlapping plates, give the skin considerable 
rigidity. In the majority of forms, however, the calcareous 
skeleton is represented by scattered plates of various shapes, 
perforated, knobbed, sometimes wheel-shaped as in Chirodota, 
or associated with an anchorlike spicules in Synapta, and 
are not sufficiently numerous to give a rigidity to the integu- 
ment, which in Synapta may even be thin and translucent. 
There is no indication of an apical system of plates, though in 
Miilleria a circle of five plates surrounds the anus, but the 
oral system is represented in a species of Psolus by five 
plates which may be closed over the mouth and tentacles. 
In other parts of the body than the integument calcareous 
matter is also frequently deposited, especially in the connec- 
tive tissue of the wall of the peripharyngeal cavity, the pharyn- 
geal ring (Fig. 269, 6) so formed consisting typically of five 
radial ossicles, grooved or perforated by the radial nerves 
and hydroccel-canals, and of five interradial ossicles alternat- 
ing with them, though in those forms in which the number of 
tentacles is greater than ten the number of the interradial 
ossicles may be increased. Spicules are also found in the 
mesentery, and in some forms plates or a calcareous network 
develops in the wall of the pharynx. Spines are rarely 
present, though the plates of Echinocucumis, Hlpidia, and a few 
other forms bear them, and pedicellariz are entirely wanting. 

The ccelom is traversed by several mesenteries uniting the 
digestive tract to the body-wall, the most constant being the 
so-called dorsal mesentery (Fig. 269, an), which lies in the 
anterior portion of the interradius CD, The portion of the 
ccelom which surrounds the esophagus is separated from the 
rest, asin the Echinoidea, and forms the peripharyngeal space, 
and similarly in some forms (Cucumaria, Holothuria) a perianal 
space surrounds the terminal portion of the digestive tract. 
In Synapta and its allies there are attached by slender pedun- 
cles to the body-wall along the line of the mesenteries, and 
hanging freely in the body-cavity, numerous ciliated urnlike 
bodies, which probably function similarly to the ciliated cups 
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of the Crinoids in maintaining a circulation of the coelomic 
fluid. 

So far as is known, the portion of the ecelom which in the 
embryo opens to the exterior by the water-pore and with which 
the stone-canal communicates in the Asteroids and Echinoids 
does not persist in the adult Holothurian, and consequently 
there is no axial sinus, and it is doubtful if a structure com- 
parable to the ovoid gland of other forms exists. Schizoccelic 
sinuses corresponding to the perihzmal canals of the Echinoids 
occur in their usual position between the nervous system and 
the hydroceel-canals, and consist of a ring accompanying the 
nerve-ring and five radial canals which abut against the ring 
at their oral ends but seem to be completely separated from 
it by septa. A lacunar system is well developed, consisting 
of a plexus in the walls of the intestine, the various branches 
uniting to form a dorsal and a ventral intestinal vessel, which, 
passing forwards, unite with a lacunar ring surrounding the 
csophagus at about the level of the hydrocel-ring. From 
this ring five radial lacune extend backwards, lying in the 
connective tissue between the radial perihemal sinus and the 
hydroceel-canals, and giving branches to the tentacles and the 
tube-feet. A lacuna also extends from the pericesophageal 
lacunar ring to the reproductive organs arising from a thick- 
ened portion of the ring, and this thickening has been re- 
garded as the rudiment of the ovoid gland. 

The hydroccel has the usual arrangement, consisting of a 
ring (Fig. 269, c) surrounding the cesophagus behind the ring 
of peripharyngeal ossicles, and having arising from it a stone- 
canal which in the majority of forms hangs freely in the 
coelomic cavity, where it terminates in a madreporiform plate. 
In the embryo it as usual opens upon the surface of the body, 
and this condition is retained in many Elasipoda, in which the 
canal opens upon the dorsal surface of the body, probably 
indirectly through the intervention of an ampulla, as in other 
forms. In the majority of forms, however, the connection with 
the exterior becomes lost, the ampulla which is present in the 
embryo disappearing, and occasionally a number of secondary 
canals develop. A single Polian vesicle (e) is usually attached 
to the ring, but in some cases the number of these structures 
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may be considerably increased. Five interradial canals arise 
from the ring and pass forwards to the tentacles, branching if 
these structures are more than five, and in some forms (Lolo- 
thuria, Chirodota) these tentacular canals are provided with 
ampulle. Five radial canals also pass backwards from the 
ring in all forms except the Synaptid, corresponding to the 
radial hydroccel-canals of other Echinoderms and bearing 
tube-feet. 

The distribution of these latter structures is peculiar in 
many forms. In Molpadia although the canals are present 
the tube-feet are entirely wanting, as they are also from the 
dorsal canals of Psolus and from the median canal of the 
trivium of the Elasipoda; when present they may be arranged 
along the lines of the radial canals (Cucumaria, Pentacta, Fig. 
268) or may be scattered irregularly over the surface of the 
body (Zhyone). In form they also vary considerably, being 
either simple fingerlike processes or else tipped with a 
sucker. Frequently the tube-feet are not retractile, and in 
the Elasipoda they take the form of strong well-developed 
conical processes arranged in pairs. 

Owing to the absence of a firm test in the Holothurians 
there is a much more extensive development of the muscular 
system than in other Echinoderms. The inner surface of the 
body-wall is formed by a layer of circular muscle-fibres, and 
on each side of each radial hydroccel-canal is a longitudinal 
muscle-bundle (Fig. 269, p) from which in some forms special 
bundles pass to the peripharyngeal ossicles and serve as 
retractors of the tentacles and mouth-disk. 

As stated the mouth is usually at the anterior end of the 
body at the centre of a disk surrounded by the tentacles, but 
in the Elasipoda it has a somewhat ventral position. The 
digestive tract is a simple tube, which occasionally has a per- 
fectly straight course from mouth to anus, but more frequently 
it is bent twice upon itself, so that there is an anterior de- 
scending limb (Fig. 269, /), an ascending (g), and a posterior 
descending one (hk). The terminal portion of the posterior de- 
scending limb is dilated, forming a cloaca (7) from whose wall 
muscle-bands (q) radiate to the walls of the body. This cloaca 
is rhythmically contractile, and has opening into it except in 
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the Synaptide two much-branched structures termed the re- 
spiratory trees (&). As their name indicates, these structures 
are supposed to have a respiratory function, but it is possi- 
ble that they may also aid in excretion, the waste products 
of metabolism collecting in the cells lining the interior of the 


Fig. 269.—DIAGRAM REPRESENTING THE INTERNAL ANATOMY OF A HOLo- 
THURIAN (after Lupwie from Leunis). 


w = tentacles. v = cloacal opening. 

6 = calcareous pharyngeal ring. & = respiratory trees. 

e = hydrocel-ring. ¢ = Cuvierian organ. 

d = stone-canals. m = dorsal mesentery. 

e = Polian vesicle. n = duct of reproductive organ. 
Ff. 9, h = intestine. o = reproductive organ. 

é = cloaca. p = longitudinal muscles. 


g = radiating muscles of the cloaca. 


tubular branches and being carried to the exterior by a 
desquamation of the cells. In addition in a small number of 
forms (Holothuria) there occur upon one side of the cloaca a 
large number of slender tubes (/), which, at the will of the 
animal, can be evaginated so as to project through the anal 
opening. These constitute the organ of Cuvier, the function 
of which is not as yet satisfactorily explained. 
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The epidermal nervous system consists of a pericesopha- 
geal ring and five radial nerves as in other forms, and in addi- 
tion five interradial nerves pass from the ring to the tentacles. 
The system is almost completely separated from the ectoderm, 
with which in the embryo it is connected, and lies within the 
tissues of the body, the radial nerves only at their posterior 
extremities passing through the tissues of the body-wall to fuse 
with the ectoderm. In accordance with this arrangement an 
epineural sinus accompanies each radial nerve, though absent 
from the pericesophageal ring. The muscular nervous sys- 
tem has an arrangement similar to that of the sinuses, being 
well defined in connection with the radial nerves, though 
wanting in the periesophageal ring. No trace of the aboral 
nervous system has been discovered in the Holothurians. 

The tentacles serve as tactile organs, and may have also 
an olfactory function in addition to being respiratory, and in 
the Synaptids numerous ciliated depressions with a strong 
nerve-supply are found upon them. No visual organs occur 
in the Holothurians, but in the Synaptids and Elasipoda 
otocysts occur. In Synapta there are ten of these organs, im- 
bedded in the connective tissue in the neighborhood of the 
pericesophageal nerve-ring, one lying on each side of each 
radial nerve close to its origin from the ring. Each otocyst 
contains a number of otoliths, and is lined interiorly by cells 
which are provided with cilia. In Elpidia the number of 
otocysts is fourteen and in other Elasipoda the number may 
be much greater, amounting to about thirty-six in a species of 
Kolga. 

The Synaptids and Molpadids are hermaphrodite, but all 
other Holothurians are bisexual. The reproductive organs 
(Fig. 269, 0) consist of one, or in some cases two buudles of 
cecal tubes which are attached to the left side (or on both 
sides) of the dorsal mesentery, and open by usually a single 
duct (nm) upon the dorsal mediau line, sometimes within the 
circle of tentacles, but usually behind it. The ceca are lined 
interiorly with an epithelium from which the ova and sperma- 
tozoa develop. 


The arrangement of the reproductive organs in the Holothurians is de- 
cidedly different from what occurs in other groups of Echinoderms, and the 
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differences are associated with the absence or reduction of the ovoid gland 
and of an aboral nervous system. The number of the organs is very much 
reduced, and no genital cords have as yet been discovered. It is interest- 
ing to note, however, the existence of a genital lacuna mentioned above, 
in association with which the reproductive organs seemto develop, and it 
may be, as stated, that the Jacunar thickening from which it arises is to be 
regarded as representing the ovoid gland, which, as has been seen, is 
intimately connected with the lacunar system in other forms. It seems 
probable that in harmony with the shortening of the stone-canal and its 
separation from the body-wall, and with the abortion of the axial entero- 
coal, there has been a shortening of the genital cords so that the aboral 
ring no longer exists, and the reproductive organs, reduced in number, 
develop directly upon the wall of the genital lacuna. It must be remarked 
that in some forms there is no distinct genital lacuna, but the reproductive 
organs are associated with the intestinal lacune, a condition which may 
be secondary. 
Development of the Holothuroidea.—The typical larva of the Holothu- 
rians is known as the Auwricularia (Fig. 270), and is distinguished from 
that of the Asteroids, Ophiuroids, and 
Echinoids by being destitute of armlike 
processes. In later stages the ciliated 
bands fuse in such a manner as to form 
t @ series of circular bands surrounding 
the barrel-shaped larva and recalling the 
P larva of the Crinoids. By the gradual 
elongation of this larva and the disap- 
pearance of the ciliated bands the adult 
form is acquired, there being no absorp- 
tion of any extensive portion of the larval 
body as in the Brachiolaria and Pluteus. 
The Phylogeny of the Echinoderma. 
—The Echinoderms form a well-defined 
: group showing little indication of affini- 
Fig. 270.—Auricutartra Larva or ties with other forms, and the establish- 


Synapta (after Semon). ment of a plausible phylogeny is an 
dp = dorsal pore. unusually difficult task. One thing, 
H = hydrocel. however, seems certain from their de- 
pt = primary tentacles. velopmental history, and that is that they 
st = secondary tentacles. have been derived from primitive bilat- 


eral forms, and that the radiality charac- 

teristic of the adults has been secondarily acquired. The larve are strictly 

bilateral, there being indications that originally two water-pores, situated 

symmetrically upon the dorsal surface, existed. The first question to be 
decided then is the cause of the radial symmetry seen in the adult. 

Bilaterality in the animal kingdom is usually associated with an antero- 

posterior differentiation, and this with a definite axis of progression. Thus 
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in an Annelid the most anterior metamere is that which is apt to first come 
into contact with new conditions of environment, and consequently it has 
become specially provided with sense-organs for the perception of these 
new conditions whether favorable or unfavorable; similarly the conditions 
affecting the dorsal and ventral surfaces are different and consequently a 
dorso-ventral differentiation exists; while on the other hand the conditions 
affecting the two sides of the body are apt to be alike, and consequently 
the differentiations which occur on each side of the median line are usually 
alike. Bilaterality is then associated with a free-mode of life. 

Conversely, radiality is usually associated with indefinite axes of pro- 
gression or with a fixed mode of life, and the idea suggests itself that the 
radiality of the Echinoderms may be the result of a fixation of the bilateral 
larva. The majority of recent Echinoderms are, it is true, free forms, the 
Crinoids alone being sessile, but it will be found that geologically the free 
forms are the latest to appear, and that the Pelmatozoa are especially char- 
acteristic of the Palosozoic rocks. This would imply that the Crinoids are 
to be regarded as the most perfect representatives among recent forms of 
the ancestral types, an idea which is borne out by certain points in Echino- 
derm development. Thus the calyx of the Crinoid is developed in the 
posterior portion of the oval larva, the anterior portion being occupied by 
the stalk; in the Brachiolaria and Pluteus larvee the adult body is developed 
in the posterior portion of the larva, the anterior portion undergoing 
absorption, an arrangement which. may be explained by supposing that 
originally the adult forms which possess these larvae were stalked, but 
secondarily acquired a free mode of life, and that as a result the stalk dis- 
appeared, the body, corresponding to the calyx of the Crinoid, still develop- 
ing in its accustomed position in the posterior portion of the larva. In 
the Holothurians there is not apparently that distinction into anterior and 
posterior regions in the larva which obtains in other forms, but it is to be 
noted that in the young Cucwmaria, for example, there is a well-marked 
preeoral lobe which later on disappears and may represent the partially- 
aborted stalk region of other forms. 

Attempts have been made to trace out a phylogeny taking the Holo- 
thurians as a primitive type and tracing them back to such forms as the 
Gephyrean worms, the presence of respiratory trees in both forms suggest- 
ing a possible affinity. Or again the later barrel-shaped larva with five 
tentacles has been considered to represent a common ancestor for all the 
various groups of Echinoderms, the term Pentactea being given to the 
hypothetical ancestor. Neither of these views, however, affords any clue 
to the origin of the radiality, and the structure of the Holothurians departs 
so widely from that of the other groups that it seems preferable to consider 
them as most remote from the common ancestor. Furthermore as regards 
the Pentactea it is difficult to understand how there should be so much 
similarity in structure of the different forms if they all differentiated in- 
dependently from this common ancestor. 

From the evidence at our disposal it seems far more logical to accept a 
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stalked form for an ancestor, and to consider the Crinoids as approaching 
it more nearly than any other recent forms. It has been suggested, with 
no little reason, that the Cystoidea were the ancestors of the Crinoids and — 
perhaps of most of the other groups as well. A full consideration of this 
point, as well as of the details of the conversion of the bilateral remote 
ancestor into the radial form, would carry us beyond the scope of this work, 
and reference must be had to special works treating of these questions 
(P. and F. Sarasin, O. Biitschli). 

As stated, the relationships of the Echinoderms to other groups is a 
question which has not yet been satisfactorily settled. Attention may be 
called, however, to the remarkable similarity of the Tornaria-larva of 
Balanoglossus (p. 606) to the Echinoderm larva, a similarity so great as to 
suggest affinity. This suggestion may, however, be postponed until the 
Tornaria has been described. 


SUBKINGDOM METAZOA. 
TYPE ECHINODERMA. 


I. Class Crinorpea.—Usually stalked ; with ten (or five ) arms, provided 
with lateral pinnules, arising from the margin of the cup-shaped 
body. Dermal skeleton well developed. 

In adult life free-swimming. Antedon, Actinometra. 

Fixed throughout life, stalk with numerous whorls of cirri. 
Pentacrinus. 

Fixed throughout life, slender stalk with cirri either wanting 
or only on distal joints. Rhizocrinus, Calamocrinus, Hyo- 
crinus, Thaumatocrinus. : 

Fixed throughout life, stalk short and stout. Holopus. 

II. Class ASTEROIDEA.—Free forms ; stellate or pentagonal in shape ; arms 
containing cecal processes of digestive tract ; ambulacra limited 
to oral surfaces. 

Dermal skeleton reticulate ; no paxille ; anus present. Aste- 
rias, Brisinga, Asterina, Zoroaster. 

Dermal skeleton of separate plates ; paxilles present ; no anus. 
Astropecten, Luidia. 

III. Class OPHIUROIDEA.—Free forms ; stellate in shape ; arms not contain- 
ing cecal processes of the digestive tract ; ambulacra limited to 
oral surface ; ambulacral ossicles contained within the arms. 

1. Order Ophinrida.—Arms unbranched ; madreporiform tubercle 
on mouth-shield. Ophiura, Ophiolepis, Amphiura, Ophiactis, 
Ophiothrix, Ophioderma, Ophiomyxa. 

2. Order Huryalida.—Arms usually branched ; mouth-shields not 
well developed ; usually several madreporiform tubercles. As- 
trophyton, Trichaster. 

IV. Class Ecuinompea.—Free forms; without arms; test composed of 


TYPE HCHINODERMA. 593 


twenty rows of plates; ambulacra extending from oral to 
aboral surfaces or else limited to aboral surface. 

1. Order Desmosticha.—Ambulacra all similar, extending from oral 
to aboral surfaces; mouth and anus in centre of the oral and 
aboral surfaces respectively ; masticatory apparatus present. 

With internal branchie. Cidaris. 
With external branchis. Asthenosoma, Salenia, Diadema, 
Arbacia, Strongylocentrotus. 

2. Order Clypeastroidea.—Ambulacra all similar, limited to the 
aboral surface ; mouth in centre of oral surface, anus excentric ; 
masticatory apparatus present. Clypeaster, Hchinarachnius, 
Mellita. 

8. Order Petalosticha.—Ambulacra more or less dissimilar, limited 
to the aboral surface; mouth and anus both excentric ; masti- 
catory apparatus wanting. Moira, Spatangus, Brissopsis. 

V. Class HoLotauroiDEs.—Free forms; body mostly elongate and ver- 
miform ; mouth surrounded by circle of 10-80 tentacles ; skele- 
ton usually of small scattered plates. 

1. Order Elasipoda.—Bilateral symmetry well marked ; stone-canal 
frequently opens to exterior; no respiratory trees. Deima, El- 
pidia. 

2. Order Pedata.—Bilateral symmetry as a rule not particularly 
well marked ; respiratory trees present ; stone-canal not open- 
ing to exterior ; tube-feet well developed. 

Tentacles branched dendritically. Cucumaria, Psolus, Thy- 
one. 

Tentacles pinnate. Rhopalodina. 

Tentacles peltate. Holothuria, Mulleria. - 

8. Order Apoda.—Bilateral symmetry not well marked ; stone-canal 
not opening to exterior ; tube-feet wanting. 

Respiratory trees present. Molpadia 
Respiratory trees wanting. Synapta, Chirodota. 
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CHAPTER XVII. 
TYPE PROTOCHORDATA. 


Tue type Protochordata contains a number of forms which 
present certain features of similarity to the Chordata (Verte- 
brata), one member of the type, Amphioxus being frequently 
considered as belonging to that group, which is to be regarded 
as the most highly differentiated of all the types composing 
the Animal Kingdom. 

The various groups of the Protochordata differ greatly in 
general appearance, but certain structural features of great 
morphological importance are common to all of them. These 
may be briefly stated as (1) a notochord, consisting of a more 
or less well-developed rod, arising from the mid-dorsal line 
of the digestive tract and either extending the entire length of 
the body, or else limited to its anterior or its posterior part, 
or even present only during larval life, as in the majority of 
the Tunicata ; (2) branchial slits which place the cavity of the 
pharynx in communication with the exterior and serve as 
respiratory organs ; (3) acentral nervous system, situated in the 
mid-dorsal line of the body, and arising in some forms as an 
ectodermal invagination. 

Metamerism is but feebly indicated in the majority of 
cases, some forms possessing only three mesodermal somites, 
while others, such as some of the Tunicata, show traces of 
it only in the posterior region of the body, Amphiovus being 
the only form in which it is at all well marked. Limbs 
do not occur in any members of the group, nor are there any 
special jaws or organs of mastication. All the members of 
the group are marine, and the various classes possess a wide 
geographical distribution. 


I. Crass HEMICHORDA. 


The members of this class are characterized by the noto- 
chord being a comparatively small diverticulum of the an- 


TYPE PROTOCHORDATA. 597 


terior portion of the digestive tract and containing a more or 
less perfect cavity which communicates with the cesophagus. 
The body is divisible into three regions: an anterior preoral 
epistome or proboscis, a median collar region, and a posterior 
visceral sac or trunk region. The ccelom is divided into 
corresponding regions, a pair of pores placing the collar com- 
partment in communication with the exterior, while one or 
two additional pores perform a similar office for the epistome 
or proboscis cavity. The nervous system remains in connec- 
tion with the ectoderm, and its principal portion is situated 
in the collar region. 


1. Order Pterobranchia. 


This order contains but two genera, Mhabdopleura and 
Cephalodiscus, the former occurring in deep water off the coast 
of Norway, while the latter was obtained by the ‘“‘ Challenger” 
Expedition in the Straits of Magellan. 

Rhabdopleura (Fig. 271) is a colonial form, consisting of a ~ 


Fie. 271.—CoLony or Rhabdopleura (after Langesrer). 


stolonlike system of tubes ramifying over the surface of , 
stones, etc., and giving off shorter lateral tubes each one of ; 
which contains an individual. The tubes are composed of 
chitinlike material and form a “house” for the colony, and 
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are traversed, except towards the extremities of the lateral 
tubes where the individuals occur, by a chitinous rod which 
results from the chitinization of what was once the stem of the 
various polyps. Hach of these is stalked (Fig. 272), the stalk 
(C) becoming continuous below with the chitinous rod, and 


Fie. 272.—InDIvIDUAL oF Rhabdopleura (slightly modified after LANKESTER). 
(N.B.—The tentacles of one side of one arm only are represented.) 


B = anal papilla. G@ = tentacle. 

C = stalk. Ga = arm. 

D = epistome. I = intestine. 

# = trunk region. K = sensory papilla. 
F = collar region. WV = notochord. 


each consists of three well-marked regions. What may be 
termed the anterior portion of the body is formed by a large 
disklike epistome (D), beneath which on the ventral surface is. 
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the mouth. Behind these is what is termed the collar region 
(f), which bears upon its dorsal surface two long armlike 
processes (Ga), each carrying a double row of ciliated tentacles 
(G) arranged pinnately. The third region is the visceral sac 
(£), from the posterior and ventral portion of which the stalk 
arises, while dorsally and anteriorly it carries a stout papilla 
(B), at the extremity of which the anus opens. 

The digestive tract consists of a straight csophagus trav- 
ersing the collar, and having connected with it on the dorsal 
surface a short blind process (V) whose cavity communicates 
with that of the dsophagus. This is the rudimentary noto- 
chord. The csophagus opens into a large saclike stomach, 
from the lower end of which the intestine (J) arises, and, bend- 
ing upon itself, runs forwards to open on the anal papilla. 

The nervous system consists of a thickening of the ecto- 
derm on the dorsal surface of the collar region, where is also 
found a small ciliated elevation (A) supposed to be sensory ; 
no other special sense-organs occur. On each side of the 
collar a pore occurs which, by a short ciliated canal which 
perforates the wall of the body, places the ccelom of the collar 
in communication with the exterior, and may be regarded as 
representing an excretory organ. No epistome-pore or branchial 
slits have yet been observed. a 

Cephalodiscus resembles Rhabdopleura in being colonial, but 
the house is gelatinous, and the various buds formed from the 
short stalk do not remain in connection with each other, but 
early separate from the parent. Each polyp (Fig. 273) con- 
sists of three regions—an anterior preoral portion which forms 
a large epistome, a middle collar region, and a posterior visceral 
sac; the body-cavity being divided into three corresponding 
regions. Two epistome-pores occur, the canal leading from 
the coelom to them passing through the anterior part of the 
nervous system (n). The dorsal ectoderm of the collar region 
is thickened to form the central nervous system, and on each 
side of this is a cluster of six tentacles (¢), each ending in a 
kuoblike dilatation and bearing numerous lateral pinnules 
arranged in two rows. At the sides the collar is continued 
backwards as a pair of lateral folds which slightly overlap the 
anterior portion of the visceral sac and form the operculum, 
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upon the inner surface of which there is on each side a collar- 
pore. 

The mouth (m) opens beneath the epistome into an cesoph- 
agus, which in the collar region bears a dorsal diverticulum, 
the notochord (a), projecting forwards into the epistome. In 
this same region there is on each side a branchial slit (sp), 
structures which are apparently wanting in Jhabdopleura. 
Behind the cesophagus opens into a saclike stomach from 


Fie. 273.—D1aAGRAMMATIC LONGITUDINAL SECTION THROUGH Cephalodiscus 
(after EHLERS from KorsScHELT and HEIDER). 


@ = anus. nm = nervous system. 
ex = excretory organ. sp = branchial slit. 

g = ovary. ¢ = tentacles. 

m = mouth. az = notochord. 


which the intestine, bending upon itself, passes forwards to 
open (a) upon the dorsal surface of the visceral sac, a short 
distance behind the collar. 

The collar-pores probably serve as excretory organs, and 
it has been stated that the epistome-pores open into well- 
developed tubes (ex) terminating in the epistome cavity in a 
dilatation ; they also have been regarded as excretory. The 
reproductive organs (gy) are paired sacs, which open on the 
dorsal surface just in front of the anus. No circulatory system 
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occurs in the Pterobranchia, and nothing is yet known con- 
cerning the embryonic development of either of the genera 
contained in the order. 


2. Order Enteropneusta. 


The order Enteropneusta contains a small number of 
closely-related forms which, until recently, have been grouped 
together in a single genus, Balanoglossus, and which, notwith- 
standing that they present in some respects a decided advance 
in structure over the Pterobranchia, yet may properly be as- 
sociated in a class with that order. 

All the species live buried in sand, and the body is elon- 
gated and vermiform, the digestive tract being practically 
straight and the anus terminal. The anterior portion of the 
body (Fig. 274, pr) has the form of a cylindrical proboscis, 
corresponding to the epistome of the Pterobranchia and 
united to the second region by a narrow neck, upon the dor- 
sal surface of which is a pore (occasionally two) which places 
the proboscis-celom in communication with the exterior, 
while upon its ventral surface, just where it joins the second 
region, is the mouth. 

The second region is comparatively short and forms the 
collar (c), its posterior border being prolonged backwards for 
a short distance in the form of a fold on each side, as in 
Cephulodiscus. These folds enclose between their inner walls 
and the sides of the anterior part of the third portion of the 
body a space which communicates behind freely with the 
exterior and is known as the atrium. The posterior or trunk 
region of the body is much longer than either the proboscis 
or collar regions, and contains the greater portion of the 
digestive tract and the reproductive organs. Anteriorly it is 
somewhat flattened and presents on the dorsal surface a 
ridge, on either side of which are to be found a varying num- 
ber of U-shaped pores (6r) with ciliated margins. These 
pores lead into short tubes opening internally into the cavity 
of the digestive tract and are the branchial slits. They seem 
to increase in number during the life of the animal, the pos- 
terior ones being merely circular openings, as the anterior 
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ones are in the younger stages of development, a tonguelike 
valve later growing down from the dorsal border of the pore 
and giving it its U-shapedform. Water flows in at the mouth 
and passes cut through the branchial slits, which thus pos- 
sess a respiratory function. A few of the anterior slits open 


Fig. 274.—Balanoglossus Kowalewskii (after Muvor from Sprneet). 
br = branchial slit. ¢ = collar. pr = proboscis. 


externally into the atrium, being covered over by the back- 
wardly-projecting atrial folds of the collar, but the majority 
are quite uncovered and are plainly visiblé from the exterior. 
' The ectoderm contains numerous mucous glands and is 
ciliated throughout, no external cuticle or “house,” such as 
occurs in the Pterobranchia, being developed. Below it rests 
upon a thin basement-membrane. 

The celom is clearly marked out, and consists of three 
portions completely separated from one another and corre- 
sponding to the three body regions. The proboscis-eelom 
(Fig. 275, A, pe) is, in its anterior portion, a simple unpaired 
cavity lined with delicate cells and traversed by circular and 
longitudinal (im) muscle-fibres. Posteriorly it is prolonged 
into two horns between which lies a mass of tissue consisting 
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of several different organs. The centre of the mass is occu- 
pied by the notochord (ne), which is, as in the Pterobranchia, 
a forwardly-directed diverticulum of the dorsal wall of the 
anterior portion of the digestive tract and contains a more or 
less distinct cavity communicating with that of the esophagus. 
Dorsal to the notochord lies a contractile heart (h), and 
dorsal to this again, and surrounding it, a sac (ps) containing 
afew, or in some cases many, cellular elements. This pro- 
boscis-vesicle, as it has been termed, may possibly represent a 
portion of the proboscis-ccelom, which would then consist of 
two separate cavities, originally right and left, one of which 
becomes very large and fills the greater portion of the pro- 
boscis, while the other remains quite small. Surrounding 
these structures are a number of folds of the splanchnic 
layers of the proboscis-ccelom (pg), loops of blood-vessels 
lying in the folds, while the cells covering them frequently 
contain yellow granules. It has been supposed that these 
granules indicate a glandular function for the cells, and con- 
sequently the entire mass of folds has been termed the pro- 
boscis-gland. 

The coelomic cavities of the collar (Fig. 275, B cop) and 
trunk are much simpler and are paired, the cavities of the 
right and left sides being separated from each other by dorsal 
and ventral mesenteries. From the dorsal portion of the an- 
terior end of the trunk-celom two prolongations extend for- 
ward into the collar, lying on each side of the dorsal blood- 
vessel and forming the perihemal cavities in the interior of 
which are longitudinal muscle-fibres. ‘Two other similar for- 
ward prolongation of the trunk-ccelom lie between the collar 
colom and the esophagus, forming the peripharyngeal cavi- 
ties. 

In contradistinction to what occurs in the Pterobranchia, 
a well-developed blood system is present, consisting in the 
collar and trunk of a dorsal and ventral longitudinal vessel 
with distinct muscular walls and lying in the mesenteries. 
From the dorsal vessel branches pass to the tonguelike pro- 
cess of the branchial slits, and the vessel itself is continued 
forward into the proboscis to enter a space between the pro- 
boscis-vesicle and the notochord which is termed the heart. 
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The blood-spaces in the proboscis-gland communicate with 
the heart, and the dorsal and ventral vessels of the collar and 
trunk are united by a double set of fine lacunar capillaries, 
one set being situated in the body-wall, and the other in the 


Fig. 275.—TRANSVERSE SECTIONS THROUGH (A) THE PROBOSCIS AND (8) THE 
BRANCHIAL REGION OF THE TRUNK OF Balanoglossus Kowulewskii (B after 


SPENGEL). 

cop = collar-ccelom. dm = longitudinal muscles. 
g = tongue-bar of skeleton. ne = notochord. 
h = heart. nd = dorsal verve. 

kd = branchial valve. nv = veutrul nerve. 

kh = branchial portion of esophagus. 0 = esophagus. 

ks = branchial septum. pe = proboscis-celom. 

kp = branchial pore. pg = proboscis-gland. 


ps = proboscis-vesicle. 


| wall of the intestine. The blood is a colorless coagulable 
fluid, apparently destitute of corpuscles. 

In the posterior portion of the proboscis is found a plate 
of chitinlike material produced into two horns posteriorly, 
and frequently somewhat hollowed out in front. It is evi- 
dently supportive in function, and forms the proboscis-skele- 
ton. In connection with the branchial slits a similar chitinous 
skeleton is formed (Fig. 276) consisting of a series of trans- 
verse bars placed over each septum between adjacent slits. 
From the middle of each bar a rod (really double) passes 
down each septum (sb), and from the extremities a bar (tb) 
passes into each of the adjacent tonguelike valves, each valve 
thus possessing a bar from the arch lying in front of it and 
another from that lying behind it. The septal bars and the 
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tongue bars belonging to each arch are connected by trans- 
verse bars (synapticula, s) which extend across the valves of 
the branchial slits. 

The digestive tract is practically a straight tube extending 
from the mouth, situated on the ventral surface of the neck 
of the proboscis, to the terminal anus. From the dorsal wall 


Tava of the cesophagus a finger- 
ving va shaped diverticulum arises, the 
|| sp notochord, which extends for- 

I} I e wards into the proboscis; its 
lumen, in its terminal portion, 

vil being practically obliterated by 
L SJ tp the vacuolization and enlarge- 
! M ment of the cells which line it 
and which are continuous with 


i the endodermal lining of the 
AUD digestive tract. In the anterior 
PO portion of the trunk region the 
branchial slits already referred 
Fie. 276.—DrAGRram oF THE BRAN- {9 occur, arising as diverticula 
oan or Balanogiossus fm the dorso-lateral portions 
8 = synapticula. of the intestine (Fig. 275, B, 
eb sepia eae kh) and eventually opening to 
Ee Bua al the exterior (kp). More poste- 
riorly in some species the wall of the intestine is pouched out 
into sacculations which have been regarded as liver-sacs. In 
Balanoglossus (Glandiceps) hacksi an accessory intestine occurs, 
arising in the middle of the liver region from the dorsal sur- 
face of the intestine in the form of a tube, which, more poste- 
riorly, opens again into the intestine. It recalls the accessory 
intestine of certain Annelids, Gephyreans and Echinoderms, | 
but is peculiar in being dorsal in position. In certain species 
also paired or unpaired communications of the intestine with 
the exterior have been found, usually arising in the liver 
region, and opening upon the dorsal surface; their signifi- 
cance is at present unknown. 
A well-developed nervous system is present in the form of 
an elongated cord lying in the mid-dorsal line of the collar 
region, with the ectoderm of which it is in connection at 


—— 
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either end, though free throughout the greater portion of its 
length. It contains in young forms a central lumen, which 
may be represented in adults by a series of separated cavities 
and which results from its formation as an invagination of the 
ectoderm. From this dorsal cord a plexus of nerve-fibres 
extends all over the surface of the body, lying in the lower 
layers of the ectoderm and being at certain regions specially 
developed so as to form nervelike thickenings. One of these 
surrounds the dorsal and lateral surfaces of the base of the 
proboscis, being perforated by the proboscis-pore ; another 
occurs at the posterior edge of the collar; while two others 
occur in the trunk region, one in the dorsal (Fig. 275, B, nd) 
and the other (nv) in the ventral mid-line, extending the entire 
length of the trunk. No special optic, olfactory, or auditory 
organs seem to be developed. 

The short canal opening by the proboscis-pore has been 
regarded as excretory, but the assignment of such a function 
to it seems questionable. A similar function has been as- 
signed to two short tubes with folded ciliated walls which 
communicate internally with the celom of the collar, and 
open to the exterior by the collar-pores, situated, one on each 
side, on the edges of the atrial folds. More definite informa- 
tion is required concerning these organs before they can 
finally be accepted as excretory; they evidently correspond 
to the collar-pores of the Pterobranchia. 

All the known species of Balanoglossus are bisexual, the 
reproductive organs, ovaries or testes, consisting of simple or 
branched pouches situated in the trunk, beginning in the 
brancial region and extending some distance backwards. 
Each pouch opens to the exterior by a special duct, upon the 
dorso-lateral portions of the body. 

Development of the Enteropneusta—Some species of Balano- 
glossus (B. Kowalewskit) develop directly without the inter- 
vention of a larval stage in the life-history, but the majority 
possess a characteristic free-swimming larva known as the 
Tornaria (Fig. 277). It is a barrel-shaped organism, bulged 
out slightly at either pole, and possessing a locomotor appa- 
ratus in the form of somewhat complicated bands of cilia. 
One of these surrounds the posterior portion of the body as 
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a simple circular band, while another runs over the anterior 
portion in an exceedingly tortuous course. It may be con- 
sidered as consisting of two portions, one preoral in position 
and the other postoral, the two meeting, however, at the 
apex of the body in an ectoder- ae 

mal thickening, the apical plate ene 
(a), which bears two eyes. 

The mouth (Jf) opens by a 
short cesophagus into a capacious ),\ 
stomach (8), separated by a per- 
forated partition from the short 
rectum (7), which opens by the 
terminal anus. In the anterior 
portion of the body is a saclike 
structure (pc), united to the apical 
plate by a muscular band and 
See te the exter Dye pete Fie. 277.—Tornaria Larva oF 
(p) situated a little to the left of pazanogiossus Kowulewskii. 
the mid-dorsal line. This sac is @ = apical plate. 
the proboscis-cceelom, and the pore ce = collar-coelom. 
the proboscis-pore, and in connec- Be hea 
. : : p = dorsal pore. 
tion with the sac is a smaller sac, pe prdensciscenlonm: 
the so-called heart, which becomes R= rectum. 
the proboscis-vesicle of the adult. S= stomach. 

At a later stage of development fe Ae, 

two other pairs of ccelomic sacs (cc and tc) make their ap- 
pearance at the sides of the stomach and give rise to the 
collar and trunk celom. The adult form is acquired by the 
gradual transformation of this larva, there being no sudden 
metamorphosis. 


The Affinities of the Hemichordata.—There seems little room for doubt. 
but that the Pterobranchia and the Enteropneusta are closely related, 
so many similar and at the same time peculiar structures being found in 
both groups. Thus, to mention only some of the more striking features, 
both groups possess a notochord of a similar character, proboscis-pores, 
collar-pores and branchial slits, and have the body and ccelom divided into 
three strictly-comparable regions. These remarkable similarities can only 
be explained on the assumption of a common ancestry for both groups. 

In many respects, too, the Enteropneusta present similarities to the suc- 
ceeding group, the Cephalochorda, but a discussion of this relationship may 
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be postponed for the present, and attention called to the suggestive char- 
acter of the Tornaria. Its first describer took it for an Echinoderm larva, 
and the majority of succeeding authors have been inclined to regard it as 
indicating affinities with that group. The arrangement of the preoral and 
postoral ciliated bands, and the occurrence of the proboscis-pore, suggest 
the Echinoderm larva without doubt, but it must still be regarded as a 
decidedly open question whether or not these features indicate an affinity. 
Further information is required both in regard to the ancestry of the 
Echinoderms and as to the life-histories of the Pterobranchia, before the 
question can be settled. 

Another line of ancestry must also be mentioned, namely, one which 
leads back to ancestors common to the Hemichordates and the Prosopygia. 
The similarities of the Pterobranchia to the Polyzoa are striking, there 
being the same bending of the intestine, similar lophophorelike tentacular 
structures, and, what is of considerable importance, a dorsally situated 
nervous system arising as an invagination of the ectoderm. A further 
point perhaps of some importance may also be mentioned, i.e., the occur- 
rence of three sections in the body-cavity of the Brachiopoda. In following 
out the line of descent suggested by these similarities, we are, however, 
quickly brought to a halt by the uncertainty connected with the origin of 
the Prosopygia, and we are left standing between two lines, one leading 
back to the Prosopygia and the other to the Echinoderms. Whether or not 
these two lines converged to common ancestors in pre-Cambrian times can- 
not be ascertained, and the solution of the problem must be left to future 
embryological investigations. 


II. Cuass CEPHALOCHORDA, 


The class Cephalochorda contains a single genus, Amphi- 
oxus (Branchiostoma), which is exclusively marine in habitat, 
being found buried in an upright position in the sand, the 
anterior end of the body alone showing at the surface. 

The body in all species is elongated (Fig. 278) and some- 
what flattened from side to side, and bears along the mid- 
dorsal line an unpaired fin, formed as a fold of the body-wall, 
and containing a cavity traversed by numerous skeletal rods 
(see Fig. 279) which serve as a support for the fin. Poste- 
riorly it becomes somewhat higher, and forms a caudal fin 
surrounding the posterior end of the body, while on the ven- 
tral surface two fins run forward a short distance, both these 
and the caudal fin being supported by fin-rays. Some dis- 
tance from the hind end of the body on the left side of the 
caudal fin is situated the anal opening (Fig. 278, a), while in 
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front of the anterior end of the paired ventral fin is the 
atrial pore (p), which leads into a cavity termed the atrium 
(0). The outer walls of this cavity arise as folds of the 
sides of the body, termed the epipleural folds, which, in- 
creasing in size, fuse together below except at the atrial 
pore, thus enclosing the atrial cavity (Fig. 279, b), which is . 
lined throughout by ectoderm and surrounds the sides and 
ventral surface of the anterior two thirds of the body. Ante- 
riorly the cavity is closed by the fusion of the folds with the 
body-wall in the neighborhood of the larval mouth, but in 
front of this is a hood-shaped fold which arises independ- 
ently of the atrial folds and forms the oral hood, at the bot- 


Fig. 278.—Amphioxus lanceolatus (after Bovert from Hertwie). 


@ = anus. m = muscles. 
au = eye. n = nephridium. 
b = atrial chamber. o = mouth. 
ch = notochord. p = atrial pore. 
g = reproductive organ. r = dorsal nerve-cord. 
t = liver. sp = branchial cleft. 


tom of which lies the original mouth, the margins of the hood 
surrounding what may be termed for distinction the adult 
mouth (Fig. 278, 0). These margins are produced into a 
number of tentacular processes, termed cirrhi, each one of 
which contains an axial supportive rod borne by a skeletal 
ring surrounding the adult mouth, and each has its surface 
raised into numerous sensory papille. 

The ectoderm is very simple in its character, consisting of 
asingle layer of cells resting below upon a well-developed 
layer of connective tissue. The arrangement of the coelomic 
cavities is by no means simple, however, and may be best 
understood by considering their mode of development. Ina 
very young embryo a fold may be seen extending along each 
side of the primitive digestive tract on its dorsal surface. In 
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time these folds are gradually constricted off from the intes- 
tine, and at the same time are divided transversely into a 
number of sacs lying one behind the other, their number in- 
creasing as the folds are separated from before backwards 
from the intestine, until in A. lanceolatus there may be as 
many as sixty-one. These sacs are the primitive mesodermic 
somites, and the cavities they contain are the primitive cce- 
lomic cavities. At first entirely dorsal in position, the various 
sacs later on extend ventrally, those of opposite sides meeting 
below the intestine ; and still later the cavities of these ven- 
tral extensions fuse to form a continuous ccelom extending the 
entire length of the body on the ventral surface, and forming 
what is termed the splanchnocel. This becomes eventually 
separated by a layer of connective tissue from the more dor- 
sal portions of the somites, which remain distinct from each 
other throughout life and are termed the myoccels. The future 
history of the two portions of the mesoderm thus formed 
is very different. The walls of the splanchnoccel remain 
thin, and the cavity well marked (Fig. 279, co), but in the 
myoceels the cells forming the median walls become converted 
into longitudinal muscle-fibres (m) which traverse the entire 
length of each myoceel, filling it almost completely, and are 
inserted into plates of connective tissue which develop be- 
tween the various myoccels and separate them from one an- 
other. At the same time each myocel becomes bent, so that 
its dorsal portion is directed downwards and forwards and 
its ventral portion downwards and backwards, each muscle- 
plate having in a longitudinal section of the body a <-shaped 
appearance and fitting into the one in front of it. When 
the epipleural folds develop, both the splanchnoccel and 
the muscle-plates are continued into them, the muscle-plates 
lying to the outer side of the splanchnoceel, and their fibres 
here having for the most part a transverse direction, in- 
stead of a longitudinal one, as in their upper portions. 
Owing to the myoccels being practically obliterated by the 
muscle-plates, the coelom of the adult is principally formed 
of the splanchnoccel, but other spaces also occur which are 
probably schizoccelic in origin and form various lacune 
throughout the body. 
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A blood system is present, probably communicating here 
and there with these lacune, and containing a colorless blood 
in which float numerous colorless amoeboid corpuscles. The 
system consists of a dorsal aorta, single throughout the 
greater portion of its course, but divided into two trunks over 


Fic. 279.—TRANSVERSE SECTION THROUGH THE BraNncuiAL REGION oF 
Amphioxvus (after LankesterR and Boveri from Herrwic). 


a = descending aorta. kd = pharynx. 
b = atrial chamber. . ip = branchial clefts. 
¢ = notochord. ! Y= liver, 
co = celom. m = muscles, 
é = bypobranchial groove beneath n = nephridium. 
which is the ascending aorta. r = nerve-cord. 
g = reproductive organ sn = nerves. 


kb = branchial arches. 


the branchial region of the intestine. It sends off branches to 
various regions of the body which, after breaking up into 
capillaries, unite again to form the subintestinal or ventral 
vein, which, passing forwards till it reaches a point in front of 
the branchial region, becomes sinuous, and gives off a right 
and left branch to the lips of the larval mouth (the velum), 
and a third large vessel on the right side which passes dor- 
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sally to unite with the right aortic vessel. The blood which 
passes from the dorsal aorta to the intestine is not, however, * 
returned directly to the ventral vein, but the intestinal capil- 
laries unite to form a vena porta which passes to the liver 
and there breaks up into a second set of capillaries, these 
finally emptying through the hepatic vein into the ventral 
vessel. An hepatic portal system, resembling that found in the 
Vertebrata, thus occurs in Amphioxus. While passing be- 
neath the branchial region of the intestine the ventral vein 
gives off paired vessels, the branchial arteries, opposite each 
‘branchial septum, and these passing dorsalwards in the sep- 
tum open into the dorsal aortic trunks. There is no definite 
heart, but certain of the vessels, notably the vena porta and 
branchial arteries, seem to be contractile. 

The notochord (Figs. 278, ch, and 279, c) has a much more 
extensive development than in the Hemichorda, since it 
traverses the entire length of the body. It arises from the 
dorsal surface of the digestive tract, but early loses all con- 
nection with the intestine; and though in early stages it con- 
tains traces of a lumen, this quickly disappears, the cells 
becoming richly vacuolated, so that the notochordal tissue 
assumes a characteristic appearance. At either end it is 
pointed, and throughout its entire length it is surrounded by 
a sheath of dense connective tissue, which is continuous 
below with the partitions separating the splanchnoccel from 
the muscle-plates and these from one another. From each 
side of the dorsal surface of the sheath a longitudinal lamella 
extends dorsally, the two lamelle enclosing the central 
nervous system and being continued above it as a strong 
neural ridge (Fig. 279). 

As has been already stated, the adult mouth is formed by 
the margins of the oral hood, the original larval mouth lying 
at the bottom of the oral cavity enclosed by the hood and 
being surrounded by a circular fold of tissue termed the 
velum. A short tube leads from the mouth to the branchial 
or pharyngeal region of the digestive tract, whose walls are 
here perforated by numerous slits (Fig. 278, sp) placing its 
cavity in communication with the atrium (see Fig. 279). In 
the adult the slits are elongated and are placed obliquely to 
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the axes of the body ; they do not possess a metameric arrange- 
ment, but are much more numerous than the muscle-plates of 
the branchial region of the body, as many as one hundred 
slits occurring in fully-developed individuals. In the parti- 
tions between each pair of slits of me 
the same side of the body skeletal 
rods occur which unite above with a 11 i sb 
longitudinal bar lying above the A 
dorsal ends of the slits (Fig. 280). nin | 
A closer examination shows that lil 5 
alternate bars differ in structure, a r'il 
condition due to the fact that each Ht | 
pair of slits is primarily derived aus 
from a single slit, which becomes AL 
divided longitudinally by the growth 
from its dorsal edge of a tonguelike vou 
valve, which eventually fuses with 
the ventral edge of the slit. The yg 990.—DracRam oF THE 
condition of affairs then is almost BrancnraL SKELETON OF 
identical with what obtains in Ba- —- Amphiowus (after Srexent). 
lanoglossus, and, as in that form, the ete ial a 

; sb = septal bar. 
skeletal bars are to be considered as G— tongue bar: 
grouped together in threes, although 
the two bars which in Balanoglossus occur in sich tongue are 
fused together (tb) in Amphiozxus, a continuity of the various 
triads being thus produced. The similarity in the arrange- 
ment of the branchial skeleton in the two forms may be seen 
by comparing Fig. 280 with Fig. 276 (p. 605). 


———— 


It follows from this that the actual number of branchial slits in 
Amphioxus is half the apparent number ; but even with this reduction the 
metamerism of the slits does not agree with that of the muscle-plates. In 
the early stages of development eight pairs of slits are developed which do 
correspond metamerically with the mesodermic somites, but later addi- 
tional non-metameric slits are formed, and the original ones are pushed 
forward at the same time, so that the metameric correspondence is lost. 


Blood-vessels occur both in the septa between the primi- 
tive slits and in the tongues, and the edges of the slits are 
ciliated, so that a current of water enters by the mouth, passes 
through the slits into the atrial cavity, and thence to the 
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exterior by the atrial pore. Along the dorsal and ventral 
mid-lines of the branchial region is a distinct ciliated groove, 
the ventral one having projecting from its floor a longitudinal 
ridge, while ventral to it is a chitinous skeletal plate composed 
of paired moieties having a metameric arrangement. This 
ventral or hypopharyngeal groove (Fig. 279, e) is termed the 
endostyle, and from its anterior end a band of ciliated cells 
passes dorsally on each lateral wall of the pharynx to unite 
dorsally with the epithelium of the dorsal or hyperpharyngeal 
groove. 

From the digestive tract behind the branchial region a 
diverticulum, termed the liver (Fig. 278, 1) arises, and pro- 
jects forwards, covered of course by the body-wall, into the 
atrial cavity (Fig. 279, 2), and behind this the intestine passes 
straight back to open at the anus (Fig. 278, a), situated, as 
already indicated, upon the left side of the body, some dis- 
tance from the posterior end. 

The nervous system consists of a thick-walled tube (Figs. 
278, and 279, vr) which lies immediately above the notochord 
and is enclosed by the connective tissue lamellw which arise 
from the notochord-sheath. It extends throughout the entire 
length of the body, tapering rather suddenly at either ex- 
tremity. Throughout the greater part of its course the lumen 


ch 


Seinen 


Fie. 281.—D1aGRaM OF THE ANTERIOR PORTION OF THE NERVOUS SYSTEM 
__ OF, Amphioxus (after HatscuEr). 
ch = notochord. N= hypophysis. 
1, 2, 3 =are placed over the three ventricles. 


is very small, forming the central canal from which a well- 
marked cleft, the dorsal fissure, extends to the dorsal surface. 
At the anterior end of the tube, however, the lumen enlarges 
to form an anterior ventricle (Fig. 281, 1) which has been 
compared with the anterior of the three primary vesicles of 
the Vertebrate brain, and behind this the lumen contracts 
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forming the aqueduct of Sylvius of the mid brain (2), while 
behind this again an expansion of the dorsal portion of the 
dorsal fissure forms a fossa rhomboidalis (8) similar to that of 
the Vertebrate hind-brain, the resemblance to the embryonic 
Vertebrate brain being thus very marked—a resemblance 
which is increased by the occurrence of a funnel-like extension 
(1V) of the anterior ventricle towards the dorsal surface of the 
body, where it abuts upon a ciliated depression of the ecto- 
derm. This isthe remains of a communication of the ventricle 
with the exterior which exists in the embryo, and has been 
compared with the hypophysis of the Vertebrate brain, the 
difference of its position in the latter being due to the flexion 
of the brain round the anterior end of the notochord. 

From the brain region of the nerve-tube three pairs of 
nerves are given off (Fig. 281), the first and second of which 
come from the dorsal portion of the. brain, while the third 
pair on each side is double, consisting of a root arising from 
the dorsal surface of the brain and another arising from the 
ventral side, a condition which is repeated in the succeeding 
metamerically-arranged nerves. The dorsal and ventral roots 
never unite to form a common trunk as in the Vertebrata, nor_ 
do the dorsal nerves bear a ganglion, but nevertheless they 
are sensory in function, while the ventral nerves are motor, 
supplying only the musculature of the body. 

Of sense-organs the papille upon the cirrhi and the 
ciliated depression in connection with the hypophysis have 
been already mentioned, the latter, on somewhat insufficient 
grounds, having beén supposed to be olfactory in function. 
In addition ‘to these a pigment-spot, which may represent 
an exceedingly simple eye, occurs upon the anterior end of 
the brain, and in the roof of the oral cavity a patch of cells 
occurs, surrounding a depression lined with columnar cells 
bearing long refractive hairs. This last structure seems to 
be a sense-organ of some kind, but its exact function is un- 
known. 

Different structures have from time to time been con- 
sidered excretory organs. In the first place an excretory 
function has been assigned to a ciliated tube lying in the wall 
of the oral cavity on the left side and communicating by a 
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funnel with the ccelom just behind the level of the velum. 
Secondly, although in all probability they are not nephridia, 
the “brown canals” may be here mentioned. These lie in 
the splanchnoccel at about the level of the twenty-seventh 
muscle-plate in A. lanceolatus, and open by wide funnels into 
the atrium, though it is uncertain whether the inner end lying 
in the celom is perforated. Thirdly, in the pharyngeal 


tT USr on 
Fie. 282.—Excretory ORGAN oF Amphioxus (after Bovert). 


ne = nephridium. np = uephridial pore. 
nd = nephridial funnels. 8 = synapticulum. 
I= branchial septum. IT = branchial tongue. 


region a number of nephridial canals have lately been de- 
seribed. They are situated above the upper ends of the 
branchial slits (Fig. 282, nc), each opening into the atrium 
opposite a tongue-valve (np), and from the short tube which 
passes inward from this opening an anterior and a posterior 
branch arises, each of which opens into the ccelomie cavity 
by a terminal funnel. Between these two funnels three or 
four others may occur (nd), and around the mouth of each 
funnel are a number of threadlike processes which end in 
round strongly-refractive cells. That these structures are 
nephridia seems indicated by their relations to the ccelom 
and furthermore by the fact that in the neighborhood of each 


’ 


TYPE PROTOCHORDATA. 617 


of them the branchial blood-vessels form a small plexus which 
may be regarded as a glomerulus such as occurs in connec- 
tion with the urinary tubules of the Vertebrate kidney. 

Amphioxus is bisexual. The reproductive organs, ovaries 
or testes (Figs. 278 and 279, g), occur in the epipleural folds, 
and are arranged metamerically, extending in A. lanceolatus 
from the fifteenth to the thirty-fifth or thirty-sixth metamere. 
They lie at the level of the junction of the lateral longitudinal 
and the ventral transverse muscles, and are contained within 
a coelomic cavity which is a portion of the original myocels 
of the segments to which the reproductive masses belong. 
They lie on the inner surface of the atrial folds, and are 
covered on their inner surfaces by the thin body-wall, through 
which the reproductive elements break when mature, falling 
into the atrium and thence passing to the exterior through 
the atrial pore. There are no reproductive ducts. 


The Affinities of Amphioxus.—The Cephalochorda have usually been 
considered the most primitive Vertebrates, —as representing, in other words, 
in a more or less modified condition the stem from which the Vertebrata 
have descended,—and there are many points of similarity between Amphi- 
oxus and the larval Lampreys (Ammocetes) by which such a view may be 
supported. The character and origin of the notochord and nervous 
system, the arrangement of the nerves of the latter, the lateral muscle- 
plates, the occurrence of an hepatic portal circulation and the character of 
the early stages of development are all points of similarity which seem 
explicable only on the supposition of a somewhat close affinity. 

On the other hand, resemblances to the Enteropneusta are but slightly 
less marked. It seems hardly possible that the marvellous similarities in 
the arrangement of the branchial skeleton should have been acquired in- 
dependently in the two forms, and the atrial folds of Amphioxus may be 
regarded as the more extensively-developed atrial folds of Balanoglossus. 
Amphiozxus is undoubtedly much more advanced along the Vertebrate line 
than Balanoglossus, and both are probably more or less widely divergent 
from the direct line, but the general similarities, such as the occurrence of 
branchial slits, of an endodermal notochord, and of a dorsally-placed 
central nervous system, which have led to the association of both forms in 
the type Protochordata, speak strongly for a community of descent. 

The principal difficulty in the way of the acceptance of Balanoglossus 
as the representative of the ancestral forms from which the Vertebrates 
are descended seems to lie in the supposed necessity for deriving highly- 
organized metameric forms, such as the Vertebrates, from more lowly but 
also metameric ancestors, and consequently most authors have sought for 
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indications of Vertebrate ancestry among the Annelida. This difficulty 
depends upon the interpretation placed upon metamerism and the causes 
assigned for its origin. If the ideas regarding these points advocated in 
preceding pages (sce pp. 43 and 217) of this book be accepted, the difficulty 
seems to be practically done away with, since these ideas imply a possi- 
bility of the independent origin of metamerism in different groups. And 

, indeed it has already been pointed out that such an independent origin has 
probably occurred, the metamerism of the Annelids being probably entirely 
unconnected with the metamerism found in the more highly-organized 
Platyhelminths (see p. 217). 

A full discussion of the intricate problem of the origin of the Vertebrata 
would be out of place here, but one additional point may be referred to. 
Difficulties have always stood in the way of an homology of the Vertebrate 
nervous system with that of the Annelids. In the latter there is a supra- 
esophageal cerebrum and a ventral chain, while in the former the entire 
central system is dorsal to the digestive tract. Various theories have been 
advanced to account for this difference, none of which have, however, 
proved entirely satisfactory. The acceptance of an ancestry leading back 
to Hemichordalike forms obviates this difficulty, since in these the slightly 
differentiated nervous cord is already entirely dorsal, a future extension of 
it and a metameric arrangement of its elements and branches in correla- 
tion with the metamerism of the mesoderm bringing about the Vertebrate 
condition. Furthermore, the occurrence of a central lumen in the nerve- 
cord and the mode of its origin are essentially the same in both Verte- 
brates and Hemichordates, a fact which in itself must be given no little 
weight in the final determination of the question. 


III. Cuass URocHorDa. 


The Urochorda, also known as the Tunicata or Ascidians, 
are, like the other Protochordates, exclusively marine. At 
first sight they appear to have little resemblance to such a 
form as Amphiowvus, the majority of them lacking in the adult 
condition all trace of a notochord, though a branchial region 
of the digestive tract is always present. In a few adult forms 
(Appendicularians, Fig. 285), and in the larve ofall, a well-de- 
veloped notochord is present, however, situated in a backward 
prolongation of the body, resembling in appearance and 
structure the tail of a young tadpole—an arrangement which 
has suggested the name applied to the class. In the majority 
of forms this tail disappears at the close of larval life, and 
with it the notochord also vanishes. The name Tunicate is 
derived from the fact that the body is enclosed within an 
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external coat or tunic secreted by the ectoderm of the body 
and composed, so far as its matrix is concerned, of a substance 
which is closely related in its chemical characters to vege- 
table cellulose. 

Inasmuch as considerable variation in form occurs in the 
class, it will be most convenient to describe in detail what 
may be considered a typical Tunicate, pointing out subse- 
quently the more important modifications which occur. 

The simple Ascidians are for the most part ovate in form 
and usually attached at one end to some support; in the 
genus Boltenia, however, the surface of attachment is at the 
extremity of an elongated stalk, which at the other end passes 
into the pyriform body. The test or tunic which encloses 
the body presents usually towards the free end of the body 
two openings, through one of which, the branchial aperture, 
water passes into the interior of the body and is eventually 
expelled through the second or atrial aperture. This test is 
composed of a matrix sometimes almost homogeneous, some- 
times fibrillar (Cynthia), and of varying consistency, secreted 
by the ectoderm. It contains scattered through it numerous 
cells, which have recently been shown to be mesodermal in 
origin and to migrate into the test after it has reached a cer- 
tain thickness. They may remain ameeboid in shape or may 
develop vacuoles, becoming thereby swollen into bladdetlike 
structures, or may become the seat of pigment-depositions, 
or, finally, may secrete spicules of carbonate of lime. 

Extending through the test are numerous branching tubes 
which communicate with the blood-vessels of the body.’ 
They arise as outgrowths of the blood-vessels and push the 
body-wall before them, being therefore lined externally by 
ectoderm, beneath which is a layer of connective tissue, and 
each is separated into two compartments by a longitudinal 
partition which does not, however, extend into the bulblike 
enlargement with which each branch ends, the two compart- 
ments thus communicating in the bulb and allowing the 
blood to circulate. 

The shape of the body conforms to that of the test, and 
opposite the branchial and atrial apertures of the latter is 
drawn out into two tubular processes, the branchial and atrial 
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siphons, in whose walls circular muscles are developed to 
serve as sphincters of the openings. The branchial siphon 
opens posteriorly into the branchial region of the digestive 
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Fig. 283.—Fieure or a Tonicats, Heterotrema, REMOVED FROM THE TEST 


(after FIEDLER). 
A = atrial pore. 


pe = peripharyngeal ciliated band. 
an = anus. * 8 = stomach. 
OG = cerebral ganglion. sn = subneural gland. 
en = endostyle. st = branchial stigma, 
ex = excretory organs. t = testis. 
I = intestine. 


od = vas deferens, 


tract, the opening being known as the mouth, and usually 
being surrounded by a number of tentacles (Fig. 283) which 
arch over it. The atrial siphon, on the other hand, does not 
open into the body proper but into a cavity, lined probably 
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with ectoderm, which almost completely surrounds the body, 
being wanting only along the ventral wall and at the extreme 
anterior and posterior ends. This cavity is the atrium’ and 
its walls are termed the mantle. It is comparable to the 
atrial cavity of Amphioxus, but has a somewhat more exten- 
sive development and arises in the larva as a pair of dorsally- 
situated invaginations of the body-wall which, gradually in- 
creasing in size, enclose the greater portion of the body, and 
their openings, gradually approximating, finally fuse to form 
the atrial aperture (Fig. 283, A), the dorsal partition between 
them at the same time disappearing, so that the two cavities 
become continuous. 

The external surface of both the mantle and the body 
proper is covered with ectoderm, and rests below upon a 
layer of mesodermal connective tissue which contains muscle- 
fibres. The coelomic cavity consists of a number of lacunar 
spaces which have, especially in the walls of the branchial 
region, a more or less definite arrangement and serve as blood- 
vessels. In a somewhat distinct space near the hind end of 
the body is situated a tubular heart, whose walls are formed 
of a single layer of cells, the inner ends of which are con- 
verted into muscle-fibres. The contractions of the heart are | 
wavelike, starting from one end and passing gradually though 
rather quickly towards the other ; but a remarkable peculiarity | 
is that after a certain number of beats, at each of which the 
contraction-wave begins at one end, its course is reversed, 
and for a similar number of beats it begins at the other end. 
This change takes place with a certain amount of rhythm, 
and at each change the course of the blood through a portion 
at least of the body is reversed. At each end the heart opens 
into a large lacuna, one of which runs along the ventral mid- 
line of the branchial sac, while the other, giving off lacunar 
branches to the intestine and test, runs along the dorsal mid- 
line of the same region, smaller lacunex, traversing the bran- 
chial bars, uniting the two vessels. The blood-plasma is — 
colorless and contains amoeboid corpuscles which are also 
usually colorless, though a few colored ones, resembling the 
pigmented cells of the test, are frequently found. 

The mouth opens into a capacious pharyngeal or branchial 
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sac whose walls are perforated by numerous slits or pores 
termed stigmata (Fig. 283, st), arranged in transverse or spiral 
rows. The bars separating the stigmata enclose lacune 
which place the ventral and dorsal branchial lacune in com- 
munication so that the walls of the sac are richly supplied 
with blood, opportunities for its aeration being provided by 
currents of water drawn by the cilia which border each stigma 
through the mouth and out into the atrial cavity, whence it 
escapes by the atrial aperture. The transverse bars which 
separate the rows of stigmata are generally stouter than the 
longitudinal ones, and in most species there is a second series 
of longitudinal bars lying on the inner surface of the sac, less 
numerous than the bars which separate adjacent stigmata, 
united with each transverse bar by a short connecting branch, 
and bearing opposite each junction a hollow papilla which 
projects into the cavity of the branchial sac. Running along 
the entire ventral mid-line of the sac is a ciliated groove (Fig. 
283, Hn) bounded on each side by a distinct longitudinal ridge. 
This is the endostyle, comparable to that of Amphiorus, aud 
from its anterior end a band of ciliated cells (yc) passes dor- 
sally on each side of the pharyngeal wall to unite in the dorsal 
mid-line. In front of these bands another pair running par- 
allel to them is usually found, the two pairs forming the 
peripharyngeal ciliated bands. From the dorsal point of 
union of the two posterior bands a ridge, the dorsal lamina, 
extends backwards in the dorsal mid-line of the branchial sac, 
and in many species (Fig. 283) is produced into a number of pro- 
cesses succeeding one another at intervals, and projecting into 
the branchial cavity ; these are termed the dorsal languets. 
The remaining portions of the digestive tract is in the 
simple Ascidians generally situated in the mantle on the left 
side of the body, owing to the enormous development of the 
branchial sac, but in other forms it constitutes a part of a 
visceral mass lying immediately below the posterior end of 
the sac. The cesophagus, beginning at the lower end of the 
sac, forms a short tube which opens into a fusiform stomach, 
from the further end of which the intestine (J) arises. This 
is generally bent twice upon itself, forming thus two loops, 
and ends in a straight piece, the rectum, which opens by the 
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anus (an) into the atrial cavity. A thickening occurs along the 
entire length of the inner surface of the intestinal wall, form- 
ing the typhlosole, and a number of branched tubules open- 
ing into the stomach (s) represent a so-called “liver” or 
digestive gland. 

The nervous system consists of a single ganglionic mass 
(ca) lying on the dorsal side of the body near the anterior 
end and giving off nerves both anteriorly and posteriorly. 
Immediately below it is a glandular structure, the subneural 
gland (sn), from which a duct passes forwards to open into 
the anterior part of the branchial sac, at the base of a well- 
marked papilla which may possibly be sensory in function. 
The gland, from its relation to the nervous system and the 
branchial sac, has been compared to the pituitary body 
(hypophysis cerebri) of the Vertebrates. 

Sense-organs are but slightly developed, pigment-spots 
situated in the neighborhood of the branchial and atrial 
apertures perhaps representing rudimentary eyes, while 
sensory functions have been attributed to the tentacles, the 
dorsal languets, and the papilla at the opening of the duct of 
the subneural gland. 

An excretory function has been assigned to the subneural 
gland, but in addition to this there are found in the visceral 
mass a number of spherical bodies (ex) without ducts, in 
whose cells concretions of uric acid are found. These seem 
to represent excretory organs, the waste material instead, 
however, of being passed out from the body is stored up in 
the cells of the organs—a condition recalling what is found in 
some Echinoderms and, to a certain extent, the arrangement 
in the Ectoproctous Polyzoa. 

The Tunicates are for the most part hermaphrodites. The 
ovary is a ramified structure lying in the loop of the intes- 
tine, and contains a cavity lined with a germinal epithelium. 
An oviduct is continuous with the ovary and leads towards 
the atrial cavity, opening into it in close proximity to the 
anus. The testes (Fig. 283, ¢) are numerous spherical bodies, 
also situated in the visceral mass, each portion being provided 
with a duct which joins with others to form the single vas 
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deferens (vd), opening into the atrial cavity near the opening 


of the oviduct. 


On account of the Jarval characters being more important 


Fre. 284.—DIAGRAM OF THE 
TADPOLE LARVA OF A 
TUNICATE. 

@ = anus. 

ao = atrial orifice. 

ap = adhesive papilla. 

at = atrial cavity. 

c = cellulose test. 


ce = brain. 
en = endostyle. 
h = heart. 
m = mouth. 
n = nerve 
ne = notochord. 
ph = pharynx. 


8g = subneural gland. 


than the adult in indicating the 
affinities of the Tunicates and in 
justifying the term Urochordaapplied 
to the class, it seems convenient to 
depart from the usual arrangement 
and consider the development of the 
simple Ascidians here, before passing 
on to a description of the various 
orders. 

Development of the Simple Asci- 
dians.—For an account of the early 
development reference must be made 
to embryological text-books, the 
present description being confined to 
the larva and the changes it under- 
goes in transforming to the adult. 
Suffice it to say that the early stages 
resemble very closely those of Am- 
phiovus, and they result in the forma- 
tion of a remarkable structure usually 
known as the Ascidian tadpole, a 
term which indicates its general ap- 
pearance. This larva is a free-swim- 
ming organism and consists (Fig. 
284) of an anterior somewhat globular 
portion, the body, and a posterior 
flattened region, the tail. The entire 
body is enclosed within a continuous 
case, the test (c), which, in the tail 
region, 1s elevated into a dorsal and 
ventral ridge, serving as fins. Upon 
the anterior end of the body are 
papille (ap) which serve for fixation 


when the larval life is completed, while in the interior of 
the body region indications of the various adult organs 
may be seen. Certain interesting modifications of these 
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are, however, to be noticed; the atrial cavity (at) is yet 
quite small and the anus (a2) may or may not communicate 
with it, while the mouth (m) is not functional, owing to the 
test being continuous over it. The nervous system is the 
most remarkable structure, however, consisting of a large an- 
terior saclike structure, the brain (ce), into the cavity of which 
two sense-organs project. Upon the dorsal wall is the eye, 
consisting of a cup-shaped group of cells whose inner ends 
are pigmented, the hollow of the cup being occupied by a 
lens above which is a membrane, the so-called cornea. Pro- 
jecting dorsally from the ventral wall is the otolith, consist- 
ing of a pear-shaped cell bearing a cap of pigment, its smaller 
end extending between the cells of the lower wall of the 
brain, which in its neighborhood are provided with stiff cells 
forming a crista acustica. 

Posteriorly the brain is prolonged into a thick-walled tube 
(n) which extends back almost to the tip of the tail, to the 
muscles of which it sends off nerves. Beneath the nerve- 
tube, throughout nearly its entire length, lies a notochord (nc) 
which serves as a skeletal support to the tail, and on each 
side of it is a plate of longitudinal muscle-fibres. 

By means of energetic lateral movements of the tail this 
larva swims about for some time, but when about to trans- 
form itself into the adult it fastens to some solid object by 
one of the adhesive papille. The tail with its nervous sys- 
tem, muscles, and notochord then undergoes degeneration 


and is completely absorbed, the portion of the test covering | 


it being thrown off, and a rotation of the body takes place so 
that the mouth comes to lie at the opposite end of the body 
from the point of fixation. The branchial and atrial aper- 
tures form, and the anterior saclike brain collapses, the 
sense-organs degenerate, and the adult brain is gradually 
developed. The extension of the atrium and the develop- 
ment of additional stigmata complete the acquisition of the 
adult characteristics. 

It will be seen from this, then, that the larve are of great 
importance in estimating the systematic position and the 
affinities of the Urochorda, and that the adults, except in the 
Appendicularie, in which the tail and the free-swimming habit 
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are persistent, are to be regarded as degenerate. Several 
orders of Tunicates may be recognized. 


1. Order Larvacea. 


To this order belongs the genus Appendicularia which has 
already been several times mentioned. It is throughout life 
free-swimming and retains the larval tail, greatly resembling 
in general appearance a tadpole larva. It secretes an exten- 
sive test which is gelatinous in consistency and is but loosely 
attached to the body, being frequently thrown off shortly 
after its formation. The body (Fig. 285) is comparatively 


Fig. 285.—AN APPENDICULARIAN, Otkoplewra cophocerca (after Fol from 


HERTWIG). 
a = anus. SF = ciliated groove. 
¢ = notochord. g = brain with auditory vesicle. 
ad’ = pharynx. g' = first ganglion of tail. 
d'' = stomach. Ah = testis. 
en = endostyle. ov = ovary. 


8 = branchial cleft. 


small, the tail being attached to its ventral surface, while its 
posterior extremity is somewhat enlarged and contains the 
reproductive organs (ov and h). The branchial sac has but a 
single pair of stigmata (s) which open to the exterior by a 
pair of funnel-like tubes situated behind the anus. This ar- 
rangement represents exactly a condition present in the larve 
of other Tunicates, two stigmata first forming and the atrial 
sac arising as two separate invaginations of the body-wall 
into which the primary stigmata open, the invaginations only 
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later fusing to form the extensive atrium. The endostyle (en) 
is very short, and the nervous system is constructed upon the 
larval plan, though the brain (g) is not the sensory sac so 
characteristic of the larva. Itis more ganglionlike and sends 
off branches to an otocyst lying in its neighborhood, and also 
gives rise to a tubular prolongation opening into the terminal 
portion of the branchial sac. Pigment-spots, probably rep- 
resenting rudimentary eyes, are also present, and from the 
posterior end of the brain a tubular nerve-cord arises which 
passes backwards and downwards into the tail, which it trav- 
erses, dilating at intervals into ganglia (g’). The notochord 
(c) lies below the caudal nervous system, and the lateral 
muscles of the tail show indications of metameric segmen- 
tation. 


2. Order Ascidiaces. 


The members of this order present the structural features 
which have been described as typical for the class. Many 
forms possess the power of non-sexual reproduction by bud- 
ding, colonies being thus produced some of which may be 
free-swimming, the simple forms, however, being always fixed. 
They differ from the Larvacee chiefly in the absence of the 
tail in the adult and in the large development of the branchial 
sac and the numerous stigmata. 

Owing to the complexities produced by the methods of 
budding it is customary to divide the order into subordinate 
groups. 


1. Suborder Ascidie simplices. 


The simple Ascidians agree with the description given as 
typical and do not require any further notice here, except to 
mention the fact that there are included within the suborder 
a few genera which reproduce by budding, e.g. Clavellina and 
Perophora. The formation of new individuals takes place in 
these cases from stolonlike outgrowths of the parent form, 
and each bud remains seated upon the stolon surrounded by 
its own test. The stolon (Fig. 286) arises from the lower por- 
tion of the body of the parent and pushes before it a portion 
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of the test; the cavity it contains is continuous with the body- 
cceelom and is therefore lined by mesoderm, and is divided 
into two compartments by a longitudinal 
partition which may be traced back to 
its origin from the posterior wall of the 
branchial sac of the original individual. 
Since ectodermal tissue lies between the 
mesoderm and the inner surface of the 
test, the stolon contains portions of all 
three germ-layers, aud a portion of each 
passes into each bud (0) as it arises. 
The first indication of a bud is a slight 
wartlike elevation of the wall of the 
stolon which increases in size, its cavity 
being adiverticulum of the stolon-ccelom. 
Fie. 286.--Portion oF AJnto the elevation a process (en) of the 
Stoton or Perophora 5 qdodermal stolon-partition extends, and, 
(after KowaLEwsky from 
Korscusit and Hewer). forming a hollow saclike body, gives 
6 = bud. rise to the digestive tract of the bud. 
or = branch of stolon. mn various layers give rise to their 
ec = ectoderm. ; 
ex = endoderm: respective organs with one exception, 
and that is that the atrial walls, the man- 
tle, arise from the endodermal branchial sac as diverticula 
which unite together, the atrial cavity being thus lined 
throughout with endoderm. Such anomalies are not infre- 
quent in the Urochorda, and indicate a necessity for further 
study of the nature of the germ-layers in these forms. 

The simple non-budding forms are quite numerous. Com- 
mon genera are Molgula, Cynthia in which the test has a 
leathery consistency owing to the fibrillar character of the 
matrix, and Boltenia, a stalked form. 


2. Suborder Ascidie composite. 


All the members of this order reproduce by budding in 
some form or other, and differ from such forms as Clavellina 
in that all the individuals remain imbedded in a common test 
whether or not they remain in organic connection with one 
another. The group seems to be a somewhat composite one, 
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and it is probable that itis an aggregation of forms with quite 
distinct derivations. The varieties of budding which are 
found are quite numerous. In some cases it closely resem- 
bles that of Clavellina, some species of Distaplia, for example, 
possessing a short stolon, essentially similar to that of the 
former genus, from which buds arise which, however, early 
separate from the stolon and remain imbedded in the thick 


200000090005 


Fia. 287.—A, Youna SoLirarRy Amarecium DEVELOPED FROM Hae; B, A 
SLIGHTLY OLDER FoRM, IN WHICH THE POSTABDOMEN IS SEGMENTED ; C, 
THE NON-SEXUALLY PRODUCED FORMS MIGRATING TOWARDS THE SURFACE 
OF THE TEST (after KowaLewsky from Korscaett and Hever), 

a = parent individual. 6 = bud which has reached the surface. 
¢ = migrating buds. 


test of the parent, a repetition of this process through several 
generations leading to the formation of massive colonies. 

In Amarecium the arrangement is a little different, but can 
readily be traced back to the stolon form. The posterior end 
of the body in budding forms is continued backwards as a 
long postabdomen (Fig. 287, A), having a structure similar to 
the stolon of Clavellina, but instead of giving off buds the 
stolon segments into a number of parts (Fig. 287, B) which, 
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separating, rise through the thick test of the parent (Fig. 287, 
C) until they reach the surface, and develop to complete in- 
dividuals, in which the process may be repeated. Amarecium 
thus forms massive colonies consisting of a number of quite 
separate individuals all. imbedded in a common test, and all 
directly or indirectly the result of the budding of a single in- 
- dividual developed by the sexual method. 

In other forms, however, the stolon is practically sup- 
pressed and the buds arise directly from the body of the 


Fie, 288.—A System oF Six INDIvipuALs FRom A Compounp CoLONy OF 
Botryllus (after Oxa). 


@ = adult individual. ecp = ectodermal processes extending 
b= bud. into test from each individual. 
cl = common cloaca. m = mouth of one of the individuals. 


parent. This is the case in Didemnum and Tridemnum, for 
instance, peculiar complications being also introduced into 
the process. In the latter form the daughter individual arises 
as two buds which later fuse. One arises from the upper end 
of the esophagus and gives rise to the intestine and neigh- 
boring organs in the bud, while the other, arising from the 
branchial sac, gives rise to that structure, the atrium, and 
terminal portion of intestine. Usually the two buds arise 
simultaneously, but occasionally one may fail, the result be- 
ing the production of half individuals which remain united 
| with the parent, producing double monsters ; and since either 
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bud may fail, these monsters may have either a double bran- 
chial sac, atrium, and rectum, or a double digestive tract, heart, 
and other organs of the visceral mass. If, however, both 
develop simultaneously, in the course of time the perfect 
daughter form separates from the parent. In Botryllus (Fig. 
288) but a single bud (6) arises from each individual of the 
colony, developing on one side of the body in the region of 
the branchial sac, early separating from the parent except 
for a slight stalklike union. After the formation of the 
daughter individuals the parent forms die, and so a succes. 
sion of generations occurs, the various individuals of each 
generation being arranged in a circle around a common cloaca 
(cl) into which the atrial aperture of each opens. 


The origin of a colony of Botryllus takes place as follows: An individ- 
ual developing from an egg fastens itself and gives rise to a single bud, 
which remains imbedded in the test of the parent, which, on its part, dies 
and disappears. The individual of this second generation gives rise to two 
individuals of the third generation and then likewise dies, while each of 
the members of the third generation gives rise to two more members of a 
fourth generation and degenerates. The four individuals so formed ar- 
range themselves so that they radiate from a common point at which a 
depression of the test occurs, forming the cloaca. New generations then 
succeed each other, the parents of each generation in turn degenerating, 
and so the colony extends, and some of the individuals failing to forma 
connection with the original cloaca become centres for a new radiating 
colony, still, however, imbedded in the common test. 


3. Suborder Pyrosomide. 


In this order there is but a single genus, Pyrosoma, which 
includes floating pelagic colonies having the shape of a cylin- 
der closed at one end, the individuals composing the colonies 
being enclosed in acommon test and arranged radially around 
the central cavity or cloaca into which their atrial apertures 
open, the branchial apertures opening on the exterior of the 
cylinder. Each individual resembles in structure a simple 
Ascidian, the principal difference being that the atrial aper- 
ture, as in Botryllus, is at the posterior end of the body, and 
that each individual has the power of reproducing by budding 
and so assisting in the further growth of the colony, the 
parent forms not, however, degénerating after giving rise to 
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buds, as in Botryllus. The buds arise from the branchial 
sacs behind the endostyle, and, on separating from the parents, 
place themselves between them and the opening of the com- 
-mon cloaca, so that the oldest members of the colony lie at 
_the closed end of the cylinder. On each side of the branchial 
sac of each individual near the anterior end, or more precisely 
near the peripharyngeal ciliated bands, is a mass of cells 
which are brightly phosphorescent, the entire colony, which 
may reach a length of over a metre, emitting a brilliant light 
when stimulated. 
The development of Pyrosoma is exceedingly interesting 
inasmuch as it presents an alternation of generations. From 


Fig. 289.—LarvaL Buppine or Pyrosoma. A, embryo divided into the 
cyathozooid and four ascidiozooids; B, later stage showing the ascidiozo- 
oids twisting to form the circle of four primary individuals (after Kowa- 
LEWSEY). 

el = cloaca. en = endostyle. 
el = elewoblast. h = heart. 
nm = nerve-ganglion of ascidiozooid. 


the embryo which develops from the egg at a very early 
stage a stolon develops (Fig. 289), containing a prolongation 
of what corresponds to the embryonic branchial sac and also 
of the embryonic mesoderm. The embryo itself never 
reaches a full development and is termed the Cyathozooid, 
serving to supply the individuals developed from the stolon 
with nourishment until they have reached a certain stage of 
development. This it is able to do on account of the ovum 
being plentifully supplied with yolk, which the Cyathozooid 
gradually absorbs. The stolon at an early stage divides into 
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four parts (Fig. 289, A), which arrange themselves in a circle 
around the Cyathozooid (Fig. 289, B), being enclosed with it 
in a common test, and develop eventually into the four 
primary individuals or Ascidiozooids, which occupy the closed 
end of the cylindrical colony. As they develop the Cyatho- 
zooid degenerates and finally completely disappears, the 
cloacal cavity of the colony arising, as in Botryllus, as a de- 
pression of the test, which grows deeper and deeper as new 
individuals arise by budding. 

The entire process shows a marked similarity to what occurs in Botryl- 
lus, the principal differences being that the Cyathozooid, which represents 
the first generation of Botryllus, buds while yet in an embryonic condition, 
and that it alone degenerates, the parents of succeeding generations per- 
sisting and forming parts of the fully-developed colony. In each Ascidio- 
zooid there occurs behind the branchial sac a pair of peculiar masses of 
cells termed the eleoblast (Fig. 289, B, el), whose function is uncertain, 


though it has been suggested that they may represent the rudimentary 
larval tail. 


3. Order Thaliacea. 


The Thaliacea are with a single exception pelagic organ- 
isms, and present a life-history complicated by the occur- 
rence of an alternation of generations. In the genus Salpa 
(Fig. 290) a well-developed test is present, and the muscula- 
ture of the mantle is arranged in bands which do not quite 
surround the body and furthermore show a tendency to unite 
together on the dorsal surface of the body. At one end of 
the body is a large branchial aperture (m) leading into a 
branchial sac, in the floor of which is the endostyle (en), 
while in its roof is a ridge, the dorsal lamina, which anteriorly 
is produced into a single languet projecting into the interior 
of the sac. On each side of the dorsal lamina is a large 
opening which represents an enormous stigma and communi- 
cates with the atrial cavity, whose aperture is situated at the 
posterior end of the body. The intestine and the other viscera 
are grouped together to form a small mass termed the nucleus 
(nu) lying behind the branchial sac and ventrally, though in 
some forms the intestine is more elongated and projects some- 
what from the nucleus. The nervous system (n) has its usual 
form and position ; it has in connection with it three pigmented 
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spots probably representing eyes, and the subneural gland is 
present as usual. 
Each species of Salpa, however, presents two distinct 
forms (A and B), differing in shape and in the number of the 
muscle-bands which are found in the mantle and having like- 
wise a different origin. In the sexual form (A) reproductive 
organs are developed, the ovary usually containing but a 


Fig. 290.—A, Salpa mucronata, THE SEXUAL Form, AND B, Salpa democra- 
tica, THE Non-SExUAL Form oF Salpa democratica-mucronata (after Cuavs). 


c, el = cloaca. m = branchial pore (mouth). 
ep = ciliated pit. ma = test. 
em = embryo. nm = nerve-ganglion. 
en = endostyle. nu = nucleus. 
h = heart. st = stolon. 


single ovum. This when fertilized (em) is passed into the 
atrial cavity, the follicle-cells with which it is surrounded 
‘forming an adhesion to the wall of the cavity, and later 
_ modifying to form a structure recalling the placenta of the 
Mammalian Vertebrates by which nourishment is conveyed 
from the parent to the embryo. As the result of the develop- 
ment of this ovum the non-sexual form (8) is produced, which 
is characterized not only by its general form, but also by the 
possession of a stolon (st) arising from the branchial sac just 
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behind the posterior end of the endostyle. This stolon 
eventually divides into a large number of parts, each of which, 
after undergoing certain somewhat complicated shiftings of 
position on the stolon, develops into the sexual individual. 
The terminal portions of the ‘stolon with the maturer individ- 
uals from time to time break off and float about, forming 
what are termed the Salpa-chains, and the constituent individ- 
uals of the chain, the sexual individuals, becoming mature 
either while still united with their fellows or after separation 
from them, start again the life-cycle which may be represented 
by the following scheme: 


Ovum = Solitary Salpa——Chain Salpa——Ovum. 
(Non-sexual) (Sexual) 


In another genus belonging to the order, Doliolum (Fig. 
291), the process is somewhat more complicated. The mem- 
bers of this genus are barrel-shaped forms, the wide branchial 
aperture being situated at one end and the atrial aperture at 
the other ; the stigmata are fairly numerous and arranged in 
two lateral rows, and the mantle muscle-bands form complete 
circles around the body, resembling the hoops of the barrel. 
From the ovum there develops a peculiarly-constructed tailed 
embryo, which, with the loss of the tail, becomes converted 
into the non-sexual form (Fig. 291, A) characterized by the 
possession of nine circular muscle-bands, an otocyst (ot) situ- 
ated some distance from the nervous system on the side of 
the body, a ventral stvlon (st), and a dorsal posteriorly- 
directed process (dp). From the stolon a number of buds 
are produced, which, at an early stage, separate from the 
stolon and migrate to the dorsal process to which they attach 
themselves, the migration being accomplished, it is said, by 
means of amoeboid cells, probably cells of the test, which 
attach themselves in pairs to the base of each bud and serve 
to convey it to the dorsal process. Upon this process the 
buds arrange themselves in three rows, the individuals of the 
lateral rows developing into forms quite different from those 
resulting from the development of the buds of the median row. 
The lateral buds when freely developed are characterized by 
the possession of a large branchial aperture, which occupies 
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almost the entire length of one side of the body and leads into 
a branchial sac whose stigmata open directly to the exterior, 
the atrial cavity disappearing during the course of develop- 
ment. The intestine is well developed, but the muscles are 
but slightly indicated, while the reproductive organs, rudi- 


i 


\ 
i 
N 


PI 


Fig. 291.—A, THe Non-sexuan, anp B, Tae Sexual, Form oF Doliolum 
(after ULIaNIn). 


cl = cloaca. ¢ = intestine. 
dp = dorsal process. nm = nerve-ganglion. 
en = endostyle. ot = otocyst. 

g = reproductive organ. ph = pharynx. 

h = heart. st = stolon. 


ments of which were present in the young buds, completely 
atrophy during the process of development. These buds 
are incapable of leading a free existence, serving only as 
nutritive and respiratory individuals for the median buds, as 
well as for the parent, whose digestive tract degenerates, its 
muscle-bands and nervous system at the same time under- 
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going enlargement, so that it serves eventually as a locomotor 
individual for the entire aggregation of individuals. 

With regard to the median buds differences of opinion 
occur. Certain of them, or according to one authority all, 
being set free, develop into forms possessing but eight muscle- 
bands, no otocyst or dorsal process, but having a ventral. 
median process upon which buds are found. It is in regard 
to the origin of these buds that the difference of opinion 
exists. According to one view they are produced from the 
ventral process which is regarded as a stolon and represent a 
third generation, while according to the other view they are 
certain members of the median row of the second generation, 
the forms bearing them being as it were their sisters and 
serving as nurses for them. Whatever may be their origin, 
however, the buds eventually are transformed into sexual 
individuals (Fig. 291, B) with which the life-cycle was com- 
menced. The two views as to the cycle in Doliolum may be 
schematically represented thus: 
ee utritive individuals 


Nurses Sexual forms—Ova 
Nutritive individuals 


fo individuals 

Z— Nurses 

coe forms Ova 
Nutritive individuals 


Ovum = non-sexual form 


Ovum = non-sexual form 


Mention should be made of the genus Octacnemus, a dedp-sea form be- 
longing to this order which is apparently attached by a pedicle to foreign 
bodies. The body proper is flattened and disklike, its margins being pro- 
longed into eight tapering processes. The mouth lies on the surface of the 
disk and leads into a shallow branchial sac. The atrium is comparatively 
large, and the intestine and viscera are, as in Salpa, massed together in 
the form of a nucleus. Nothing is as yet known as to the life-history of 
this form. 

Affinities of the Urochorda.—There seems little room for doubt but 
that the Urochorda are related to Amphivxus. The two groups pre- 
sent too many common structural features to allow of their being re- 
garded as distinct types, but at the same time it is noticeable that the 
relationship is through the larval Tunicates rather than through the 
adults. These latter are degenerated forms, the entire group forming a 
degenerate offset from the main line of evolution represented by the Proto- 
chordata and leading to the Vertebrata. The early stages of development 
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of the simple Tunicates (see text-books of embryology) are so very similar 
to those of Amphioxus that it must be concluded that the evolution of the 
Urochorda and Cephalochorda proceeded for some distance along similar 
lines, and the general affinities of the Puouochordat may possibly be indi- 
cated by a scheme thus : a ee 


ee 
Vertebrata 


Cephalochorda 


b 
Hemichorda Broshonsg 


Te 


Ancestral Protochordata 


Taking the larval Tunicates as a basis for comparison, we find as 
features common to them and Amphioxus a dorsal nervous system aris- 
ing as an invagination of the ectoderm and extending the entire length 
of the body ; in the anterior portion the lamen of the nerve-cord expands 
to form a brain which in Amphioxus opens in early stages to the exterior 
and in the Tunicates into the anterior portion of the branchial sac, i.e., 
the ectodermal portion, the canal of communication in the latter forms 
losing in later stages its connection with the brain and forming the sub- 
neural gland. An atrial cavity occurs in both, which, though arising in a 
somewhat different manner in the two groups, nevertheless seems quite 
homologous, and homologies have also been pointed out between the 
primary gill-slits. The increased number of stigmata and their arrange- 
ment in the Tunicates is a secondary character resulting probably from the 
sessile existence ; and the development of the test and the limitation of the 
notochord to the tail are also probably secondary characters. The resem- 
blances are important ones, and when taken into consideration with the 
embryonic development point very strongly to a close affinity. 

As regards the relationships of the various groups of Urochorda to one 
another considerable difference of opinion exists. The Appendicularians, 
which at first sight seem to be the most primitive of all the orders, present 
certain remarkable peculiarities, such as the separate openings of the atrial 
cavities and the anus, and some authors are inclined to regard them not as 
primitive forms, but as sexually-mature larve of sessile forms in which a 
test had already developed and degeneration far advanced. As regards 
the remaining forms the simple Ascidians seem to be the most primitive, 
the composite forms being derived from them by the acquisition of non- 
sexual reproduction. The composite forms, however, seem really to 
represent several groups originating independently, all the members not 
having descended from an ancestral simple form, but some from one 
ancestor and others from another, and so on. The Thaliacea, finally, have 
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probably been derived from composite forms, Pyrosoma showing certain 
affinities in its budding to Salpa, the fact of some individuals being 
solitary not necessarily indicating a primitive character, since in the com- 
posite forms no organic union exists between the various individuals of the 
colony when they have reached maturity, so that the so-called colonies are 
rather aggregations than colonies, and the forms more properly termed 
social than colonial or even composite. 


SUBKINGDOM METAZOA. 
. TYPH PROTOCHORDATA. 


I. Class HemicHorpa.—Body divided into three distinct regions ; noto- 
chord a small fingerlike diverticulum projecting forwards 
from anterior portion of digestive tract, with which it 
retains connection. 

1. Order Pterobranchia. — Sessile colonial forms, secreting a 
“house”; intestine bent upon itself; collar region with 
lophophorelike, tentacle-bearing processes. Cephualodis- 
cus, Rhabdopleura, 

2. Order Enteropneusta.—Free forms not forming colonies; not 
secreting a test ; intestine straight ; collar region without 
lophophorelike processes. Balanoglossus. 

Il. Class CEPHALOCHORDA.—Free forms, not pelagic ; not secreting'a test ; 
body not divided into three distinct regions, with numer- 
ous metameres; notochord completely separated from 
digestive tract and traversing the entire length of the 
body. Amphiowus. 

TII. Class UrocHorpa.—Sessile or free pelagic forms; secreting a test; 
body in adult not divided into three distinct regions 
and showing no indications of metamerism ; notochord 
usually wanting in adult, present in tail-region of larve 
and entirely separate from digestive tract. 

1. Order Larvacea.—Retaining the larval tail with notochord ; free 
simple pelagic forms. Appendicularia. 

2. Order Ascidiacee.—Simple and sessile or colonial and occasion- 
ally pelagic ; tail and notochord wanting in adult. 

1. Suborder Ascidie simplices.—Simple sessile forms or else 
budding from stolons and forming somewhat straggling 
colonies, the various individuals not enclosed in a common 
test. Simple forms, MMolguwla, Cynthia, Boltenia ; Co- 
lonial, Clavellina, Perophora. 

9, Suborder Ascidie composite.—Colonial forms, the various 
individuals embedded in a common test; if the various 
individuals open into a common cloaca the colony is not 
pelagic. Amarecium, Didemnum, Tridemnum, Di- 
staplia, Botryllus. 
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8. Suborder Pyrosomide.—Colonial forms, the various in- 
dividuals imbedded in a common test, and opening into 
a common cloaca; pelagic; with alternation of genera- 
tions. Pyrosoma. 
8. Order Thaliacea.—Simple pelagic forms, with alternation of 
generations. Salpa, Doliolum, Octacnemus. 
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Acmea, 364 
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Actinometra, 542, 592 
Actinomma, 89 
Actinophrys, 17, 39 
Actinospharium, 20, 39 
ACULEATA, 527 

Aga, 415, 424 
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Alcyonidium, 261, 274 
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Ameba, 15, 38 
AMPHINEURA, 284, 363 
Amphioxus, 608, 689 
AMPHIPODA, 416, 424 
Amphiporus, 167, 170 
Amphitrite, 218, 251 
Amphiura, 564, 592 
Ampullaria, 308, 364 
Anabolia, 515, 527 
Anacheta, 218, 251 
Anailges, 453, 459 
Anasa, 510, 527 
Anchorella, 397, 423 
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Anodon, 339, 365 
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Antipatharie, 111, 11% 
Ants, 518 
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Aphis, 527 

Apis, 518, 527 
Aplysia, 318, 364 
APoDA, 593 
Appendicularia, 626, 639 
Apseudes, 414, 424 
AptEeryeora, 501, 526 
Apus, 387, 428 
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ARACHNIDA, 485 
ARANES, 448, 458 
Arbacia, 580, 593 

Arca, 389 365 

Arcella, 16, 38 
ARCHIANNELIDA, 211, 251 
Archigetes, 161, 170 
Aricta, 209, 251 
Arenicola, 209, 251 
Argiope, 271, 274 
Argonauta, 359, 365 
Argulus, 397, 428 

Arion, 316, 364 : 
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Balanus, 400, 428 
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Bdetlura, 136, 170 


Beach-flea, 416 

Bees, 518 

Beetles, 512 
Belemnites, 360 
Belostoma, 510, 527 
Beroe, 121, 126 
Bipalium, 186, 170 
Birgus, 412, 424 
Blastoids, 550 

Bolina, 124, 126 
Boltenia, 628, 689 
Bombus, 518, 527 
Bonellia, 241, 252 
Book-scorpion, 444 
Bopyrus, 415, 424 
Bothriocephalus, 153, 170 
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Brachinus, 518, 527 
Brachionus, 189, 200 
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BRANCHIOPODA, 385, 423 
Branchiostoma, 608 
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Brisinga, 552, 592 
Bristle-tails, 501 
Brittle-stars, 561 
Bryozoa, 255 

Bugs, 510 

Bugula, 262, 274 
Bulla, 318, 364 
Buthus, 448, 458 


Caddis-flies, 515 
Cadulus, 322, 364 
Calamocrinus, 544, 592 
Calanus, 396, 423 
CaLcarga, 78, 115 
Caligus, 396, 423 
Callinectes, 412, 424 
Caloptenus, 504, 526 
Calosoma, 518, 527 
Calyptrea, 307, 864 
Cambarus, 412, 424 
CAMPANULARL&, 85, 116 
Campodea, 502, 526 
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Camponotus, 518, 527 
Campylaspis, 408, 424 
Cancer, 412, 424 
Canthocamptus, 396, 423 
Capitella, 206, 251 
Caprella, 416, 424 
Carabus, 513, 527 
Caravella, 92, 116 
Carinaria, 309, 364 
Carinelia, 106, 170 
Carpocapsa, 516, 527 
Caryophylleus, 152, 176 
Cecidomyia, 60 
Centipedes, 484 
CEPHALOCHORDA, 608, 639 
Cephalodiscus, 597, 639 
CEPHALOPODA, 340, 365 
Cephalothriz, 169 
Ceratium, 30, 39 
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Cetochilus, 396, 423 
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Chelifer, 448, 458 
Chernes, 444, 458 
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CHILoGNATHA, 482 
CuiLopopa, 484, 525 
CHILOSTOMATA, 262, 274 
Chirodota, 585, 593 
Chiton, 289, 364 
Chitonellus, 288, 364 
Chlamydomonas, 31, 39 
Chondracanthus, 397, 423 
Chrysopa, 514, 527 
Cicada, 510, 527 
Cicindela, 518, 527 
Cidaris, 580, 593 


CILIaTA, 38, 89 
CIRRHIPEDIA, 398, 423 
CLADOCERA, 3888, 423 
Clain, 3389 

Clathrulina, 18, 39 
Clava, 87, 116 
Clavellina, 627, 689 
Clepsine, 286, 252 
Cliona, 74, 115 

Clione, 314, 364 
Clisiocampa, 516, 527 
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Clypeaster, 581, 598 
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Colpoda, 36, 39 
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Coryceus, 396, 423 
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Crickets, 504 
CrinorwEa, 541, 592 
Crisia, 2'74 

Cristatella, 260, 274 
CRUSTACEA, 368 
CRYPTOPENTAMERA, 527 
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Cryptophialus, 399, 423 
CRYPTOTETRAMERA, 527 
Cteniza, 452, 458 
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Cymothoa, 415, 424 
Cynips, 518, 528 
Cynthia, 628, 639 
Cyphophthalmus, 447, 458 
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Dactylopius, 510, 527 
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Daudebardia, 316, 364 
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Decapopa (Crustacea), 410, 424 
Deima, 585, 598 
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Dendrocelium, 136, 170 
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Diastylis, 408, 424 
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Dinophiius, 198, 200 
Diopatra, 212, 251 
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Diplaz, 506, 526 
DirLopopaA, 482, 525 
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DIPNEUMONES, 452, 458 
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Diptera, 519, 528 
DiscoMEDUS&, 101, 117 
Discosoma, 114, 117 
Distaplia, 629, 639 
DisToME, 147, 170 
Distomum, 147, 170 
Dochmius, 177, 182 
Doliolum, 635, 640 
Dondersia, 287, 864 
Doris, 315, 364 
Doryphora, 518, 527 
Dragon-flies, 506 


Earwigs, 504 
EcaRDINEs, 269, 274 
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Echinoderes, 184, 200 
EcHINODERMA, 581 
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Eehiurus, 240, 252 
Ecroprocta, 257, 274 
EDRIOPHTHALMATA, 413 
Edwurdsia, 117 
Epwarpsia, 109, 117 
Exasipopa, 585, 593 
ELATERIDA, 513, 527 
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Elpidia, 585, 593 
Enpoprocta, 256, 274 
Ensatella, 339, 365 
ENTEROPNEUSTA, 601, 689 
ENToMOSTRACA, 385, 423 
Entoniscus, 415, 424 
Epeira, 450, 458 
Ephemera, 504, 526 
Ephemeride, 505, 526 
Ephydatia, 73, 115 
Ergasilus, 396, 423 
Errantia, 211, 251 
Esperelia, 75, 115 
Estheria, 887, 423 
Eucope, 86, 116 
Evcorepopa, 396, 423 
Eudendrium, 98, 116 
Euglena, 28, 39 
Huglypha, 16, 38 
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EuNEMATODA, 174, 182 
Hupagurus, 411, 424 
Euphausia, 406, 424 
EHuplectelia, 74, 115 
Evurya Lipa, 569, 592 
Eurylepta, 139, 176 
Hurypauropus, 482, 525 
EURYPTERID, 432 
Eurypterus, 483 
EvurystomME&, 125, 126 
Euscorpius, 443, 458 
Euspongia, 73, 115 
Evadne, 388, 423 


Facellina, 315, 364 
Filarva, 177, 182 
FILIBRANCHIA, 339, 365 
Fiona, 311 

Fissureiia, 305, 3864 
FLAGELLATA, 28, 39 
Flies, 519 

Floscularéa, 189, 200 
Flustra, 261, 274 
ForamMIniFErRA, 15, 38 
Forficula, 504, 526 
Formica, 518, 527 
Fredericelia, 260, 274 
Fungia, 114, 117 


Galeodes, 445, 458 
Gamasus, 458, 459 
Gammarus, 416, 424 


GASTEROPODA, 298, 364 


Gasteropteron, 318 
Gecarcinus, 412, 424 
Gelasimus, 412, 424 
GEOMETRID#, 517, 527 
Geophilus, 484, 525 
GEPHYREA, 237, 252 
Geryonia, 85, 116 
Gibbocellum, 447, 458 
Globigerina, 17, 38 
Glomeris, 488, 525 


GNATHOBDELLIDA, 286, 251 


Gonactinia, 111, 117 
Gonodactylus, 409, 424 
Gonoleptus, 448, 458 
Gorpracka, 178, 188 
Gordius, 178, 188 
Gorgonia, 108, 117 
Grantia, 78, 115 
Grasshoppers, 504 
GREGARINIDA, 24, 39 
Gromia, 16, 38 
Gryllotalpa, 504, 526 
Gryllus, 504, 526 
Gunda, 136, 170 


GYMNOLZEMATA, 261, 274 
GyMnosoMaTa, 314, 364 


Gyrinus, 518, 527 
Gyrodactylus, 147, 170 


Hementeria, 236 
Halcampa, 113, 117 
Halecium, 87, 116 
Hatliotis, 305, 364 
Halisarea, 74, 115 
Halobates, 510, 527 
Halocypris, 391, 423 
Halodrilus, 227 
Harpacticus, 396, 423 
Harpalus, 513, 527 
Harvest-men, 448 
Harvest-mite, 453 
Harvest-spider, 447 
Heliopora, 109 
Heliosphera, 19, 39 
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Hetrozoa, 17, 39 

Helix, 316, 364 
HEMICHORDA, 596, 639 
HEMIPrERA, 510, 527 
Hermit Crab, 411 
Hesione, 207, 251 
Heterodera, 176, 182 
HETEROMERA, 527 
Heteronereis, 216 
HeErTERopopa, 309, 364 
HETEROTRICHA, 39 
HEXAcTINIa, 118, 117 
Hexarthra, 194, 200 
Hippa, 411, 424 
HIRUDINEA, 228, 251 
Hirudo, 236, 251 
Holopus, 541, 592 
Holothuria, 585, 593 
HoworaurorpeEa, 584, 593 
Ho.notricwa, 39 
Homarus, 412, 424 
Homoptera, 510, 527 
HorLoNnEMERTINI, 167, 170 
Horseshoe Crab, 428 
Hyatosponei1a, 74, 115 
Hydra, 58, 83, 116 
Hydrachna, 458, 459 
HAydractinia, 58, 87, 116 
Hyprari&, 88, 116 
HypRocorRaALuin&, 89, 116 
HypRoMEDUS&, 78, 116 
Hydrometra, 510, 527 
Hydrophilus, 518, 527 
Hymenoptera, 517, 527 
Hyocrinus, 542, 592 
Hyporricua, 39 


Lanthina, 307, 364 
Ibla, 401, 423 
Ichneumon, 528 
Ichthydium, 196, 200 
Ichthyoddella, 228, 252 
Idotea, 415, 424 
Idyia, 125, 126 
InFusoria, 33, 39 
Insecta, 487, 526 
Isis, 108, 117 
Jsopoda, 414, 424 


TIulus, 483, 525 
Ivodes, 458, 459 


Janus, 311, 364 


King-crab, 428 
Koiga, 589 


Labia, 526 
Lacinularva, 189, 200 
LaMELLIBRANCHIA, 326 
Lampyris, 513, 527 
Larvacea, 626, 639 
Laura, 408, 423 
Letobunum, 448, 458 
Lepas, 399, 423 
Lepidonotus, 212, 251 
LEPIDOPTERA, 515, 527 
Lepisma, 502, 526 
Leptodiscus, 30, 39 
Leptodora, 418 
Leptogorgia, 108, 117 
LEPTOMEDUS&, 85, 116 
Leptoplana, 189, 170 
Leptostraca, 404, 423 
Lernea, 397, 423 
Leucosolenia, 78, 115 
LTibellula, 506, 526 
Libinia, 412, 424 
Ligula, 152, 170 
Limacina, 314, 364 
Limapontia, 315, 364 
Limaz, 316, 364 
Limnadia, 387, 423 
Limnea, 316, 364 
Limnetis, 387, 423 
Limulus, 427 

Lingula, 271, 274 
Liotheum, 509, 526 
Lirtiope, 85, 116 
Lithobius, 485, 525 
Lobster, 412 

Loligo, 359, 365 
Lophopus, 261, 274 
Loxosoma, 256, 274 
Lucernaria, 100, 116 
Lucifer, 411, 424 
Luidia, 558, 592 
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LUMBRICOMORPHA, 251 
Lumbricus, 223, 251 
Lycosa, 452, 458 
Lysiopetalum, 483, 525 
Lysiosquitia, 409, 424 
Lytta, 518, 527 


Macrobdella, 236, 252 
Macrobiotus, 467 
MacROLEPIDOPTERA, 516, 527 
Macroura, 411, 424 
Madrepora, 114, 117 
Malacobdelia, 167, 170 
MALACOBDELLINA, 167, 170 
MaLacopDERMATA, 114, 117 
Mavacoropa, 475 
Matacostraca, 4038, 423 
MauuopHaea, 509 
Margelis, 87, 116 

May-tly, 505 

Melicerta, 189, 200 

Melitta, 581, 598 

Meloé, 518, 527 

Melolontha, 512, 527 
Melophagus, 520, 528 
Membranipora, 261, 274 
Mermis, 178, 188 
Mertensia, 124, 126 
Mesostoma, 135, 169 
MeEsozoa, 63 

Merazoa, 41 

Metridium, 114, 117 
Microgaster, 518, 528 
Microgromia, 21, 39 
MIcROLEPIDOPTERA, 516, 527 
Microstoma, 58, 135, 140, 169 
Mitiola, 16, 38 

Mitlepora, 89, 116 
Millipedes, 482 

Mites, 453 

Mnemiopsis, 124, 126 
Modiolaria, 339, 365 
Moina, 388, 423 

Moira, 588, 593 

Moigula, 628, 639 
Mouuvsca, 276 

Molpadia, 593 

Monas, 28, 39 


Monostomum, 147, 170 
Monovrocarvis, 806, 364 
Monotus, 134, 169 
Mitlleria, 585, 593 
Musca, 520, 528 
Mussel, 339 

Mya, 339, 365 

Mygale, 451, 458 
Myriapopa, 480, 525 
Myrmeleon, 514, 527 
Mysis, 406, 424 
Mytilus, 339, 365 
Myxosporipia, 26, 39 
MyzosTomEa, 244, 252 
Myzostomum, 244, 252 


Narpomorpaa, 251 
Nais, 227, 251 
Narcomeduse, 84, 116 
Natica, 307, 364 
Nautilus, 357, 365 
Nebatia, 405, 428 
Necrophorus, 512, 527 
NEMATHELMINTHES, 172, 182 
Nematopa, 178, 182 
NEMERTINA, 162, 170 
NeocrinipDa, 551 
Neomenia, 286, 364 
Nephelis, 236, 251 
Nereis, 212, 251 
Neritina, 305, 364 
NEvROPTERA, 514, 527 
Noctiluca, 30, 39 
Nodosaria, 17, 38 
Nothrus, 458, 459 
Notodelphys, 396, 423 
Notonecta, 510, 527 
Nucula, 339, 365 
NupDIBRaANcaHiA, 315, 364 


Obelia, 86, 116 
Obisium, 444, 458 
Octacnemus, 637, 689 
OctTopopa, 359, 365 
Octopus, 359, 365 
Oculina, 114 
Ocypoda, 412, 424 
Opvonata, 506, 526 
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OxieocH2TA, 218, 251 
Ommastrephes, 859, 865 
Onchidium, 316, 364 
Oniscus, 414, 424 — 
ONYCHOPHORA, 475 
Opalina, 35, 39 
Ophiactis, 566, 592 
Ophioderma, 561, 592 
Ophiolepis, 567, 592 
Ophiomyxa, 561, 592 
Ophiothria, 564, 592 
Ophiura, 592 
OPHIURIDA, 569, 592 
OPHIUROIDEA, 561, 592 
Opitio, 448, 458 
OPISTHOBRANCHIA, 310, 364 
Oractis, 111, 117 
Orgyta, 516, 527 
Oribates, 4538, 459 
ORTHONECTIDA, 65 
OrvHoPTERA, 504, 526 
OstracoDaA, 391, 423 
Ostrea, 339, 365 
Oxyuris, 177, 182 
Oyster, 339 


Palemon, 412 
Palemonetes, 412, 424 
PaLocrinipA, 551 
PALZONEMERTINI, 166, 170 
Palinurus, 421 
Paludicetla, 261, 274 
Paludina, 307, 364 
Palythoa, 112, 117 
Pandarus, 396, 423 
Panorpa, 514, 527 
Panorpata, 514, 527 
Papilio, 527 
Paramecium, 35, 39 
Patelia, 305, 864 
Pauropopa, 481, 525 
Pauropus, 482, 525 
Pecten, 339, 365 
Pedatlion, 195, 200 
PrpaTa, 593 
Pedicellina, 256, 274 
Pediculus, 510, 527 
PEDIPALPT, 446, 458 


Pelagia, 108, 117 
PBELECYPODA, 326, 365 
PELMATOzOA, 551 
Pemphigus, 511, 527 
Peneus, 419, 424 
Penella, 397, 428 
Pennaria, 87, 116 
Pennatula, 109, 117 
Pentacrinus, 542, 592 
PENTAMERA. 527 
PENTASTOMIDA, 461 
Pentastomum, 461 
Perichata, 218, 251 
Peripatus, 474, 525 
Periplaneta, 504, 526 
PERITRICHA, 39 
Perla, 507, 526 
Preromepus#, 101, 116 
Perophora, 627, 639 
PETaLOsTiIcHA, 582, 593 
Phagocata, 136, 170 
PHALANGIDA, 447, 458 
Phalangium, 448, 458 
Phascolion, 242, 252 
Phascolosoma, 242, 252 
Philichthys, 397, 423 
Philodina, 189, 200 
Phiewothrips, 510, 526 
Pholas, 339, 365 
PHORONIDA, 247, 252 
Phoronis, 247, 252 
Phoxichitidium, 464 
Phryganea, 515, 527 
Phrynus, 446, 458 
PuYLACTOLEMATA, 261, 274 
Phyllirhoé, 315, 364 
PHYLLOPODA, 385, 423 
Phymanthus, 114, 117 
Physa, 316, 364 
Puysapopa, 509 
Phytoptus, 454, 458 
Pieris, 516, 527 
Pinnotheres, 412, 424 
Piscicola, 236, 252 
Plagtostoma, 133, 169 
Planaria, 136, 170 
Planocera, 186, 170 
Planorbis, 316, 364 


INDEX OF PROPER NAMES. 


PLATYHELMINTHES, 127, 169 
Platyonychus, 412, 424 
PLECOPTERA, 507, 526 
Pleurobrachia, 124, 126 
Pleurobranchea, 312 
Pleurobranchus, 313, 364 
Pieurophyllidia, 315, 364 
Pleurotomaria, 305, 364 
Pneumoderma, 314, 364 
Podura, 508, 525 
Porcellana, 413, 424 
Porcellio, 414, 424 
PoLycHA€TA, 204, 251 
PoLycLADEA, 1388, 170 
Polydesmus, 483, 525 
Polygordius, 211, 251 
Polyophthalmus, 209, 251 
Polyphemus, 388, 423 
PoLyPLACOPHORA, 288, 364 
PoLysTOMEs, 147, 170 
Polystomum, 147, 170 
Pouyzoa, 255, 274 
Pontobdella, 236, 252 
PoriFera, 69, 115 
Porospora, 25 

Porpita, 91, 116 
Portuguese Man-of-war, 92 
Priapulus, 242, 252 
Proctotrupes, 518, 528 
Proneomenia, 285, 364 
Prorhynchus, 185, 169 
PRosOBRANCHIA, 303, 364 
Prosopyera, 254 
PROvTActTINIa, 111. 117 
Proteolepas, 402, 423 
PROTOBRANCHIA, 338, 365 
ProvrocHorDATa, 596 
Protodrilus, 211 
Protozoa, 138, 38 
ProtRacuEATAa, 474, 525 
Protula, 215 


PsEUDOLAMELLIBRANCHIA, 339, 365 
PsEUDOSCORPIONIDA, 448, 458 


Psocip%, 509 

Psolus, 584, 593 
PrEROBRANCHIA, 597, 639 
Pteromalus, 518, 528 
PreropopA, 313, 364 


Pterotrachea, 309, 364 
Preryaota, 504, 526 
Pulex, 520, 528 
Pubmonara, 316, 364 
Pycnoconipa, 463 
PYRALIDS, 516, 527 
Pyrosoma, 681, 640 
Pyrosomip&, 631, 640 


Raprouaria, 18, 39 
Runatra, 510, 527 
Razor-shell, 839 
Renilla, 108, 117 
Rhabditis, 176 
Ruapspocaia, 184, 169 
Rhabdopleura, 597, 639 
Rhegmatodes, 86, 116 
RHIZOCEPHALA, 402 
Rhizocrinus, 542, 592 
Ruizopopa, 14, 38 
Raizostomip#, 101 
Rhopalodina, 584, 598 
Rhopalonema, 85, 116 
Rhopalura, 66 
RHYNCHOBDELLIDE, 236, 251 
Rhynchonella, 272, 274 
Ruyncwota, 510, 527 
Rotalia, 17, 38 
Rotifera, 189, 200 


Sabella, 212, 251 
Sacculina, 402, 428 
Sagitta, 186, 200 

Salenia, 570, 593 

Salpa, 688, 640 
Sand-dollar, 581 

Saperda, 512, 527 
Sapphirina, 396, 423 
Sarcoptes, 453, 459 
SaRcosPorip1A, 27, 39 
Scalaria, 308, 364 
Scallop, 339 

Scalpellum, 400, 423 
ScaPHoPoDA, 322, 364 
ScHIZONEMERTINI, 166, 170 
ScuHizopopa, 406, 424 
ScLERODERMATA, 114, 117 
Scolopendra, 484, 525 
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Scolopendrella, 486, 525 
Scorpion, 441 
ScorrionipA, 441, 458 
Serupocellaria, 261, 274 
Scutigera, 485, 525 
Scyllurus, 421 
ScyPHOMEDUS, 97, 116 
Scytophorus, 111, 117 
Sea Anemones, 114 
Sea-lilies, 541 
Sea-urchins, 570 
SEDENTARIA, 212, 251 
Segestria, 452, 458 
Selandria, 519, 528 
Sepia, 359, 365 
SEPTIBRANCHIA, 339, 365 
Sergestes, 411, 424 
Serpula, 218, 251 
Sertularia, 86, 116 
Ship-worm, 339 
Shrimp, 412 

Sida, 388, 423 
Siphonodentalium, 322, 364 
SrpHoNoPHOR», 91, 116 
SIPUNCULACHA, 241, 252 
Sipunculus, 242, 252 
Siriella, 407, 424 

Sitaris, 513 

Slavina, 222 

Solarium, 308, 864 
SOLENOGASTRES, 285, 364 
Souirucs#, 444, 458 
Solpuga, 445, 458 
Sow-bug, 414 

Spadella, 186, 200 
Spatangus, 583, 593 
Spheroma, 415, 424 
Spheerozoon, 19, 39 
Sphyranura, 147, 170 
SPICULISPONGIa, 74, 115 
Spider, 448 

Spirula, 359, 365 
Spondylus, 335 

Sponges, 69 

Spongilla, 78, 115 
SPOROZOA, 24, 39 
Spring-tails, 503 

Squilla, 409, 424 


STAPHYLINIDA, 512, 527 
Starfish, 552 
STAUROMEDuS#, 100, 116 
Stentor, 35, 39 

Sternaspis, 243 
Stomaropopa, 408, 424 
Stomolophus, 101, 117 
Stone-flies, 507 

Strombus, 307, 364 
Strongylocentrotus, 580, 593 
Strongylosomu, 484, 525 
Stylaster, 90, 116 

Styliola, 314, 364 

Stylochus, 141, 170 
STYLOMMATOPHORA, 318, 364 
Stylonychia, 39 
Suctoria, 35, 39 
Sun-animalcule, 17 
Syllis, 212, 251 
SyMPHYLA, 486, 526 
Synapta, 688, 640 
Syncelidium, 136, 170 


Tabanus, 520, 528 

Tania, 158, 170 

Tanats, 414, 424 
Tanystylum, 468 
TaRDIGRADA, 466 

Tealia, 118, 117 
TECTIBRANCHIA, 313, 364 
Tegenaria, 450, 458 
Telea, 517, 527 
TENTACULATA, 124, 126 
Terebella, 218, 251 
TEREBRANTIA, 527 
Terebratulina, 271, 274 
Teredo, 389, 365 

Termes, 508, 526 
Termites, 507 

Tessera, 100, 116 
TESTICARDINES, 269, 274 
TETRABRANCHIA, 3857, 365 
Tetranychus, 454, 459 
TETRAPNEUMONES, 452, 458 
Tetrastemma, 167, 170 
Textularia, 17, 38 
Thalassema, 241, 252 
Thalassianthus, 114, 117 
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‘ Thalussicolla, 18, 89 
THALIACEA, 683, 640 
Thaumatocrinus, 548, 592 
THECASOMATA, 314, 364 
Thelyphonus, 446, 458 
Theridium, 450, 458 
THoracosTRaca, 406, 424 
Thrips, 510, 526 
Thyone, 587, 593 
'THYSANOPTERA, 509, 526 
Thysanozoon, 189, 170 
Tuysanura, 501, 526 
Ticks, 453 
Tinea, 516, 527 
TRACHEATA, 469 
Trachydermon, 289, 364 
TRACHYMEDUSS, 85, 116 
TREMATODA, 148, 170 
Tremoctopus, 359, 365 
Trienophorus, 158, 170 
Trichaster, 569, 592 
Trichina, 176, 182 
Trichocephalus, 177, 182 
Trichodectes, 509, 526 
Trichoplax, 63 
TRICHOPTERA, 515, 527 — 
TRICLADEA, 136, 169 
Tristomum, 147, 170 
Trochosphera, 194, 200 
Trochus, 305, 364 
Trombidium, 453, 459 
Tubipora, 108, 117 
Tubularia, 89, 116 
TUBULARIA, 87, 116 
Tounicata, 617 


TURBELLARIA, 130, 169 
Turbo, 305, 364 
Tyroglyphus, 458, 459 


Unio, 339, 365 
Urnatella, 256, 2'74 
UrocuHorpa, 617, 639 


Vaginula, 316, 364 
Vampyrella, 23, 39 
Vanessa, 517, 527 
Velella, 92, 116 
Venus, 339, 865 
Venus’ girdle, 121 
Vermitia, 209 
Vespa, 518 

Volvo, 29, 32, 39 
Vortex, 135, 169 
Vorticella. 38, 39 


Waldheimia, 271, 274 
Walking Stick, 504 
Wasps, 518 
Wheel-animalcule, 189 
White ants, 507 
Wood-louse, 414 


XrpHosuRA, 427 
Yoldia, 389, 365 
ZOANTHES, 112, 117 
Zoanthus, 112, 117 


ZOOXANTHELLE, 20 
Zoroaster, 552, 592 
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Accessory intestine, Cephalocorda, 
605; Echinoidea, 579; Gephyrea, 
239; Polycheta, 207 : 

Aconous eyes, 473 

Actinotrocha, 249 

adrectal gland, 305 

adhesive cells, 128, 131 

alar muscles, 470 

albuminiparous gland, 312 

alternation of generations, 60; Cesto- 
da, 158; Hydromedusx, 96; Nema- 
toda, 176; Scyphomeduse, 103; 
Trematoda, 148; Urochorda, 633 

anuitosis, 9 

ametabolic insects, 499 

ameeboid motion, 15 . 

amphiaster, 11 

amphidiscs, 76 

ampulla, 537 

antennary gland, 383 

apical plate, 213, 607 

archenteron, 54 

archicerebrum, 379 

Aristotle’s lantern, 578 

arthrobranchia, 410 

ascidiozooid, 682 

Ascon, 70 

aster, 7 

atrium, 596; Cephalochorda, 612; En- 
teropneusta, 601; Pterobranchia, 
599, 600; Urochorda, 622 

atrium (genital), 134 

auricule, 573 

Auricularia, 590 

avicularia, 262 

axial sinus, 5388 


Basement-membrane, 127 
biogenetic law, 143 
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Bipinnaria, 559 

bivium, 572, 584 

blastoceel, 52 

blastopore, 54 

blastula, 52 

blood-vascular system, Arachnida, 487; 
Cephalochorda, 611; Cephalopoda, 
346; Chietopoda, 206, 220; Crusta- 
cea, 376; Enteropneusta, 603; Geph- 
yrea, 288; Hirudinea, 230; Mollusca, 
278; Nemertina, 165; Phoronide, 
247; Tracheata, 470; Urochorda, 
621; Xiphosura, 429 

Bojanus, organ of, 337 

Brachiolaria, 559 

branchial heart, 347 

branchial skeleton, Cephalochorda, 
613; Enteropneusta, 609 

brown body, 267 

brown canal, 616 

bursa copulatrix, Nematoda, 174, 182; 
Tracheata, 497; Turbellaria, 136, 
188 

byssus gland, 329 


Calamistrum, 449 
calcar, 192 
calciferous glands, 220 
calyptoblastic, 86 
caryolymph, 6 
caryoplasm, 5 
cell, 4, 
cell-division, 9 
cellulose, 30, 619 
cenogenetic, 143 
central capsule, 19 
centrolecithal, 58 
centrosome. 7, 51 
cephalization, 369. 
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cerata, 315 

Cercaria, 150 

cerci, 489 

chambered organ, 546 

chela, 373 

cheliceree, 429, 485 

chiastoneurism, 296 

chilaria, 430 

chloragogue-cells, 219, 238 

chlorophyll, Flagellata, 29, 30; Hy- 
drariz, 88; Iufusoria, 35; Porifera, 
73 

chordotonal organ, 495 

chromatin, 6 

chromosome, 11 

chrysalis, 500 

cilia, 33 

cilia-plates, 121 

cirrus, 146, 155 

cirri, Cephalochorda, 609; Crinoidea, 
542; Myzostomer, 244; Polycheta, 
204, 205 

clavule, 574 

clitellum, 219, 228 

cloaca, Nematoda, 175, 179; Rotifera, 
192; Urochorda, 631 

cnidocil, 77 

cnidoblast, 77 

celenteron, 77 

celom, 57 

ceenenchyme, 108 

coenosare, 79 

Cenurus, 158 

colony-formation, 5, 8; Anthozoa, 108, 
111, 112, 114; Flagellata, 29; Hydro- 
meduse, 78, 85, 87, 91; Polyzoa, 


255; Rhizopoda, 21; Urochorda, 
628 

columella, 90, 107 

complemental males, 401 

conjugation, 24, 25, 31, 37 

contractile vacuole, 15 

corallum, 89 

cormus, 41 

coste, 107 

coxal glands, Arachnida, 441; Xi- 
phosura, 482 


cribellum, 449 
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crural glands, Insecta, 502; Myriop- 
oda, 485, 487; Protracheata, 479. 

crystalline style, 333 

ctenidium, 278 

Cuvierian organs, 588 

cyathozooid, 682 

Cyphonautes, 264 

Cysticercoid, 158 

Cysticercus, 158 

cytode, 8 

cytolymph, 4 

cytoplasm, 4 


Dactylozoid, 90 

delamination, 55 

Desor's larva, 167 

deutovum, 456 

development, Acanthocephala, 182; 
Acarina, 456; Asteroidea, 559; 
Brachiopoda, 272; Cephalopoda, 
862; Cestoda, 157; Crinoidea, 551; 
Crustacea, 417; Echinoidea, 583; 
Enteropneusta, 605; Gasteropoda, 
319; Gephyrea, 242; Hirudinea, 
237; Holothuroidea, 590; Hydro- 
meduse, 92; Insecta, 521; Nema- 
toda, 176; Nemertina, 167; Oli- 
gocheta, 225, Ophiuroidea, 570; 
Pelecypoda, 339; Pentastomide, 
468; Phoronide, 249; Polycheta, 
213; Polyzoa, 263; Porifera, 74; 
Pycnogonida, 466; Scaphopoda, 
324; Scyphomeduse, 103; Trema- 
toda, 148; Turbellaria, 140; Uro- 
chorda, 624; Xiphosura, 432 

digestive gland, Arachnida, 487; 
Brachiopoda, 271; Crustacea, 378; 
Mollusca, 280; Rotifera, 192; 
Xiphosura, 480 

digestive system, Amphineura, 286; 
Arachnida, 437; Brachiopoda, 270; 
Cephalocorda, 612; Cephalopoda, 
348; Chetognatha, 187; Chetopo- 
da, 206, 220; Crustacea, 377; Di- 
nophilus, 198; Echinodera, 185; 
Echinoderma, 539; Enteropneusta, 
605; Gasteropoda, 300; Gastrotricha, 
196; Gephyrea, 238; Hirudinea, 
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231; Mollusca, 279; Myzostomes, 
244; Nematoda, 174; Nemertina, 
162; Pelecypoda, 333; Pentastomi- 
dee, 461; Phoronide, 247; Polyzoa, 
255; Pycnogonida, 465; Rotifera, 
191; Scaphopoda, 328; Tardigrada, 
467; Tracheata, 471; Trematoda, 
144; Turbellaria, 188, 135, 136, 188; 
Urochorda, 622; Xiphosura, 430 

dimorphism, sexual, 1938, 199, 241, 
395, 496 

dimorphism, seasonal, 501. 

dissepiment, 107, 187, 202, 270 

dissogony, 123 

division of labor, 85, 87, 91 (see also 
polymorphism) 

docoglossate dentition, 306 

dorsal organ, 546 

dorsal pore, 219 


Echinococcus, 158 

ectocyst, 255 

ectoderm, 54 

ectoplasm, 3 

eleoblast, 633 

elytra, 490 

embole, 54 

encystment, 22, 36 

endocyst, 255 

endoderm, 54 

endophragmal system, 375 

endoplasm, 3 

endopodite, 373 

endosternite, 429, 457 

endostyle, Cephalocorda, 614, Uro- 
chorda, 622 

enteroccel, 57 

ephippium, 391 

Eiphyra, 103 

epibole, 54 

epipleural folds, 609 

epipodite, 373 

epipodium, 291 

epistome, 247, 260, 597 

epithelio-muscular cells, 80 

Frichthus, 422 

euconous eyes, 473 


excretory system, Acanthocephala, 
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181; Amphineura, 287, 292; Arach- 
nida, 487; Brachiopoda, 272; Cepha- 
locorda, 615; Cephalopoda, 353; 
Cestoda, 155; Cheetopoda, 210, 222; 
Crustacea, 3883; Dénophilus, 199; 
Echinodera, 185; Enteropneusta, 
605; Gasteropoda, 302; Gasterotri- 
cha, 196; Gephyrea, 239; Hirudinea, 
235; Mollusca, 283; Myzostomee, 
245; Nematoda, 175; Nemertina, 
164; Pelecypoda, 337; Phoronide, 
249; Platyhelminthes, 129; Poly- 
zoa, 257, 260; Pterobranchia, 599, 
600; Rotifera, 193; Scaphopoda,324; 
Tracheata, 474; Trematoda, 145; 
Turbellaria, 135, 188; Urochorda, 
623; Xiphosura, 432 

exopodite, 373 

eyes—Amphipneura, 292; Arachnida, 
438; Asteroidea, 559; Cephalochor- 
da, 615; Cephalopoda, 351; Cheto- 
gnatha, 188; Chetopoda, 208; Crus- 
tacea, 380; Gasteropoda, 301, 318; 
Hirudinea, 234; Hydromeduse, 82; 
Nemertina, 164; Pelecypoda, 335 ; 
Pycnogonida, 465; Rotifera, 192; 
Scyphomeduse, 99; Tracheata, 472; 
Turbellaria, 181; Urochorda, 625; 
Xiphosura, 431 


Fascioles, 574 
fat-body, 492 
flagellum, 28 
tlame-cell, 129 
follicle-cells, 46 

fossa rhomboidalis, 615 
funiculus, 259 


Gasterozooid, 89 
gastrula, 53 
gemmation, 22 
gemmules, 7 
genital burse, 561 
germ-cell, 44 
germ-layer, 54 
Glochidium, 339 
Goette’s larva, 141 
gonopolyp, 85 
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gonotheca, 86 
green-gland, 383 
gymnoblastic, 87 


Hemocyanin, 278, 377, 429 

hemoglobin, 377, 588 

hemolymph, 206 

halteres, 520 

head-kidney, 214, 222 

heart—Amphineura, 289; Arachnida, 
437, Cephalopoda, 346; Crustacea, 
876; Gasteropoda, 298; Pelecypoda, 
832 ; Pycnogonida, 465; Tracheata, 
470; Urochorda, 621; Xiphosura, 
429 

Hectocotylus, 356 

hemimetabolic insects, 500 

hermaphroditism, 44 

heterogony, 60, 148, 498 

histolysis, 456 

holometabolic insects, 500 

hook-gland, 462 

hydranth, 79 

hydrocaulus, 79 

hydroceel, 585 

hydrorhiza, 79 

hydrotheca, 79 

hypermetamorphosis, 513 

hypodermis, 174 

hypopbysis cerebri, 615, 623 

hypostome, 79 


Imago, 500 

* immigration, 55 
individuality, 41 

ink-bag, 349 
intertentacular organ, 260 
invagination, 54 


Karyokinesis, 9 
Keber’s organ, 337 


Lacunar system, 588 
languets, 622 

lateral-line organs, 210, 222 
Laurer’s canal, 146 
Jemnisci, 181 

Leucon, 71 
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linin, 6 

liver, 614 
lophophore, 247, 254 
lung-books, 486, 457 


Madreporiform tubercle, 536 

madreporite, 536 * 

malpighian tubules — Amphipoda, 
417; Arachnida, 4387; Tracheata, 
474 

mantle, 268, 276, 621 

manubrium, 81 


mastax, 191 
Medusa, 77, 80; Craspedote, 81; 
Gymuophthalmatous, 82; Ocel- 


late, 82, 89; Vesiculate, 82 

megalesthetes, 292 

Megatlopa, 422 

mesendoderm, 68, 132 

mesenterial filaments, 99, 105 

mesentery, 57, 104, 179, 187, 206, 270 

mesoblasts, 57, 214, 225, 237 

mesoderm, 56 

mesoglea, 68 

mesopodium, 296 

mesothorax, 488 

metagenesis, 60 

metamere, 41 

metamerism, 43 

metamorphosis of insects, 499 

Metanauplius, 418 

metapodium, 296 

metathorax, 488 

Metazoéa, 421 

micresthetes, 292 

micronucleus, 35, 87 

microsomes, 4 

mitosis, 9 

Morren’s gland, 220 

Miiller’s larva, 141 

muscular system — Acanthocephala, 
180; Amphineura, 286, 289; Antho- 
zoa, 166; Brachiopoda, 270; Cepha- 
lochorda, 610; Cephalopoda, 348; 
Cestoda, 154; Chetognatha, 187; 

Chetopoda, 205, 219; Crustacea, 

875; Dinophilus, 198; Echinodera, 

185; Echinoderma, 535; Gasteropo- 
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da, 298; Gastrotricha, 196; Hirudi- 
nea, 229; Insecta, 492; Nematoda, 
174, 178; Pelecypoda, 332; Tra- 
cheata, 469 

myoceel, 610 

myophanes, 35 


Nauplius, 417 

nectocalyx, 91 

Needham’s pouch, 355 

nematocyst, 77 

nephridia (see Excretory System) 

nephroblasts, 226, 237 

nervous system — Acanthocephala, 
181; Amphineura, 287, 290; Arach- 
nida, 437; Brachiopoda, 271; Ce- 
phalochorda, 614; Cephalopoda, 
350; Cestoda, 155; Cheetognatha, 
187; Chetopoda, 208, 221; Crusta- 
cea, 378; Ctenophora, 124; Dinophi- 
dus, 199; Echinodera, 185 ; Echino- 
derma, 539; Enteropneusta, 605 ; 
Gasteropoda, 300; Gastrotricha, 197; 
Gepbyrea, 239; Hirudinea, 232; Hy- 
dromeduse, 80; Mollusca, 281; My- 
zostomese , 244; Nematoda, 175, 179; 
Nemertina, 163; Pelecypoda, 334; 
Pentastomide, 461; Phoronide, 247; 
Platyhelminthes, 128; Polyzoa, 257; 
Porifera, 73; Pterobranchia, 599, 
600 ; Pycnogonida, 465; Rotifera, 
192; Scapbopoda, 323; Tracheata, 
471; Trematoda, 144; Turbellaria, 
131, 182, 187; Urochorda, 623; Xi- 
phosura, 430 

neuroblasts, 226, 237 

nidamental gland, 312, 355 

notochord — Cephalochorda, 612; 
Enteropneusta, 603; Pterobranchia, 
599, 600; Urochorda, 625 

nuclein, 3 

nucleolus, 6 

nucleus, 5 

nymph, 456 


Odontoblasts, 280 
olfactory organ—Cephalopoda, 353 ; 
Cheetognatha, 188; Mollusk, 282 ; 
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Scyphomeduse, 100; 
472; Xiphosura, 442 
ommatidium — Chetopoda, 209; 
Crustacea, 381; Insecta, 472; Pele- 
cypoda, 387; Xiphosura, 481 

ocecia, 263 

ootyp, 146 

operculum—Gasteropoda, 296; Poly- 
Zou, 262; Scorpionida, 442; Xipho- 
sura, 429 

organ, 41 

organs of Bojanus, 337; of Cuvier, 
588; of Stewart, 576 

orthoueurism, 310 

osculum, 69 

osphradium, 283 

otocysts — Cheetopoda, 209; Crusta- 
cea, 383; Ctenophora, 122; Holo- 
thuroidea, 589; Hydromeduse, 82, 
84, 85, 86; Mollusca, 288 ; Scypho- 
meduse, 99; Turbellaria, 131, 182, 
134; Urochorda, 625 

ovary, 44 

ovicell, 263 

ovum, 44; Fertilization of, 49; Ma- 
turation of, 46; Segmentation of 
51 


Tracheata, 


Peedogenesis, 60, 499 
pali, 107 

palpi, 205 

parapodia, 204, 313 
paratroch, 213 
parenchyma, 128 
Parenchymella, 55 
parthenogenesis, 60, 498 
paxille, 553 

pectines, 442 
pedicellarie, 574 
pedipalps, 435 
Pentactea, 591 
pereiopod, 410 
pericardial glands, 298, 387, 345 
pericardium, 278, 487 
perisare, 79 

peritoneal cells, 205 
phaospbere, 439 


phosphorescence, — Crustacea, 382; 
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Cystoflagellata, 31; Insecta, 492; 
Urochorda, 682 
phragmocone, 360 
Phyllosoma, 421 
' Pilidium, 168 
pinuules, 542 
plasome, 48 
plastin, 3 
pleopod, 410 
pleurobranchia, 410 
Pluteus, 570 
pneumatophore, 91 
podobranchia, 410 
polar bodies, 46, 49 
Polian vesicle, 586 
polyp, 76, 78 
polypide, 255 
polymorphism, — Alcyonarie, 109; 
Insecta, 497, 500; Polyzoa, 262 
(see also division of labor) 
polyspermy, 50 
portal system, 612 
proboscis, — Acanthocephala, 180; 
Gasteropoda, 300; Myzostomee, 
244; Nemertina, 163 
proglottid, 154 
proéstracon, 360 
propodium, 296 
prosopyle, 71 
prostomium, 218 
prothorax, 488 
protoplasm, 2 
protopodite, 573 
prototroch, 213 
Protozoéu, 419 
pseudofilaria, 26 
pseudonavicella, 25 
pseudopodium, 14 
ptenoglossate dentition, 308 
pupa, 500 


Rachiglossate dentition, 307 

radula, 279 

Redia, 149 

regeneration, 59 

reproduction, —Flagellata, 31; Infuso- 
ria, 36; Metazon, 42; Myxosporidia, 
27; Rhizopoda, 20; Sporozoa, 25 
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reproduction,—by budding, 22, 58, 
71, 83, 96, 114, 215, 256, 266, 627; 
by conjugation, 24, 25, 31, 87; by 
division, 21, 36, 58, 114, 227; by 
spore - formation, 22, 25, 31, 36; 
sexual, 44 

reproductive system,—Acanthoceph- 
ala, 181; Amphineura, 287; An- 
thozoa, 105; Arachnida, 441; Brach- 
iopoda, 272; Cephalochorda, 617; 
Cephalopoda, 354; Cestoda, 155; 
Chetognatha, 188; Chetopoda, 
211, 223; Crustacea, 384; Cteno- 
phora, 123; Dinophilus, 199; Echi- 
nodera, 185; Echinoderma, 540; 
Gasteropoda, 302, su5, 311, 318; 
Gastrotricha, 197; Gephyrex, 240; 
Hirudinea, 235; Hydromeduse, 83, 
85, 86; Myzostomeer, 246; Nema- 
toda, 175, 179; Nemertina, 166; 
Pelecypoda, 337; Pentastomide, 
462; Platyhelminthes, 129; Poly- 
zoa, 257, 260; Pterobrauchia, 600; 
Pycnogonida, 466; Rotifera, 193; 
Scyphomeduse, 98; Tracheata, 474; 
Trematoda, 146; Turbellaria, 138, 
134, 135, 137, 189; Urochorda, 628; 
Xiphosura, 482 

repugnatorial glands, 483 

respiratory system,—Annelida, 204; 
Arachnida, 486; Asteroidea, 554; 
Cephalochorda, 612; Cephalopoda, 
348; Crustacea, 375; Echinoidea, 
576; Enteropneusta, 601; Gaster- 
opoda, 297, 817; Mollusca, 278; 
Pelecypoda, 329; Pterobranchia, 
599, 600; Tracheata, 470; Uro- 
chorda, 622; Xiphosura, 429 

respiratory trees, 240, 588 

Rhabditis, 131 

rhipidoglossate dentition, 306 

rostellum, 154 


Sacculi, 548 

salivary glands, 280, 493 
scaphognathite, 410 
schizoceel, 57 

scolex, 158 
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Scyphostoma, 108 

seasonal dimorphism, 501 

semites, 574 

septa, 107 

selx, 204, 218 

seta-sacs, 204 

sexual dimorphism, 193, 199, 241, 
395, 496 

shell,—Amphineura, 289; Brachiop- 
oda, 269; Cephalopoda, 34%, 357, 
360; Gasteropoda, 3038, 316; Pele- 
cypoda, 827; Scaphopoda, 322 

shell-gland, 383 

siphon, 304, 327, 493, 579 

siphonoglyphe, 106 

sipuncle, 358 

skeleton,—Cephalochorda, 618; Ente- 
ropneusta, 609 

somatic cells, 44 

somatic mesoderm, 206 

spermatid, 48 

spermatocyte, 48 

spermatogenesis, 48 

spermatogone, 48 

spermatophore, 355 

spermatozoa, 44, 47 

spheridia, 574 

spinning-glands, 449 

splanchnic mesoderm, 206 

splanchnoceel, 610 

spongiolin, 72 

sporocyst, 149 

statoblast, 261 

Sterrula, 55 

Stewart, organs of, 576 

stigma, 29 

stigmata,—Arachnida, 486; 
cheata, 470; Urochorda, 622 

stomatodeum, 105 

stomodeum, 213 


Tra- 
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stone-canal, 536 
strobila, 104, 154 
subneural gland, 623 
Sycon, 71 : 
symbiosis, 20, 83 
syncerebrum, 379 


Teenioglossate dentition, 307 

tapetum lucidum, 336, 440 

telolecithal, 58 

telson, 369 

testis, 44 

thorax, 488 

Tiedemann’s vesicles, 557 

tissue, 41 

Tornaria, 606 

toxiglossate dentition, 308 

trachee,—Arachnida, 486; Isopoda, 
414; Tracheata, 470 

tracheal branchie, 491 

trichocyst, 35 

trivium, 572, 584 

Trochophore, 213 

trophopolyp, 85, 91 

tube-feet, 537 

tympanal organ, 496 

typhlosole, 220, 623 


Veliger, 320 

velum, 81, 320, 612 
ventral plate, 226 
vibracula, 263 
vitellarium, 1380, 155, 193 


Water-vascular system, 685 
wax-glands, 490 
wings, 489, 522 


Zoéa, 420 
zocecium, 255 
zooxanthelle, 20 
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